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This r e p o r t  documents t h e  r e s u l t s  of a pre l iminary  five-week i n v e s t i g a t i o n  
of minimum performance approaches t o  automated Mars s u r f a c e  sample r e t u r n  
missions.  The s tudy  w a s  conducted f o r  t h e  George C .  Marshal l  Space F l i g h t  
Center (MSFC) dur ing  t h e  per iod  19 October 1970 t o  20 November 1970. The con- 
t rac t  c a l l e d  f o r  a l e v e l  of e f f o r t  of approximately 800 man-hours. M r .  J .  P .  
Hethcoat,  PD-SA-P, w a s  t h e  NASA/MSFC Contract ing O f f i c e r ' s  Representa t ive .  
Northrop wishes t o  acknowledge the  h e l p f u l  a s s i s t a n c e  provided by Messrs. 













A prel iminary s tudy  w a s  performed t o  i d e n t i f y  and d e f i n e  promising a l te r -  
n a t i v e  mission/system approaches t o  automated Mars s u r f a c e  sample r e t u r n  (MSSR) 
missions based on u t i l i z a t i o n  of T i t a n  I11 o r  Sa tu rn  Intermediate-20 (S-IC/ 
S-IVB) class launch v e h i c l e s .  The 1975, 1977, and 1979 launch o p p o r t u n i t i e s  
w e r e  considered i n  conducting broad pa rame t r i c  performance ana lyses  t o  e s t ab -  
l i s h  g ross  e a r t h  d e p a r t u r e  weight requirements as a f u n c t i o n  of sample r e t u r n  
weight f o r  cand ida te  mission modes employing al l -chemical  o r  s o l a r - e l e c t r i c /  
chemical s p a c e c r a f t  p ropu l s ion .  
(1) s i n g l e  launch, (2) e a r t h  o r b i t  rendezvous where t h e  MSSR s p a c e c r a f t  i s  
mated wi th  a Centaur o r b i t a l  t r a n s p l a n e t a r y  i n j e c t i o n  s t a g e  i n  e a r t h  o r b i t ,  and 
( 3 )  m u l t i p l e  o r  d u a l  i n t e r p l a n e t a r y  d e p a r t u r e  where t h e  l ande r / a scen t  probe(s)  
Three e a r t h  d e p a r t u r e  modes were considered: 
and o r b i t e r / b u s  r e t u r n  v e h i c l e  are launched t o  Mars as separate payloads.  
Parametr ic  mission/system performance d a t a  were generated using t h e  compu- 
ter  program f o r  a l l -chemical  systems developed under Contract  NAS8-24714, and a 
new program developed f o r  t h e  s o l a r - e l e c t r i c / c h e m i c a l  systems. 
pound sample r e t u r n  requirement and t h e  T i t a n  111 and Intermediate-20 launch 
v e h i c l e s  s p e c i f i e d  by NASA f o r  c o n s i d e r a t i o n ,  a comparative e v a l u a t i o n  of a l t e r -  
n a t i v e  mission/system approaches w a s  performed t o  select t h r e e  promising con- 
c e p t s  f o r  f u r t h e r  p re l imina ry  p o i n t  design a n a l y s i s .  The eva lua t ion  i n d i c a t e d  
t h a t  i f  t h e  d i r e c t  reentry/sample recovery mode i s  a c c e p t a b l e  a t  Ea r th  r e t u r n ,  
then t h e  p o t e n t i a l l y  lowest c o s t  approach i s  a dua l  depa r tu re ,  a l l -chemical  
concept employing two T i t a n  IIID/Centaur v e h i c l e s .  I f  t h e  o r b i t a l  c a p t u r e /  
sample recovery mode i s  groundruled i n  t h e  mission,  t hen  two promising a l te r -  
n a t i v e  approaches are: (1) a d u a l  depa r tu re ,  s o l a r - e l e c t r i c / c h e m i c a l  concept 
employing two T i t a n  IIID/Centaur v e h i c l e s ,  o r  (2) a s i n g l e  launch, a l l -chemical  
concept u s ing  t h e  Intermediate-20/Centaur v e h i c l e .  
are based on conjunct ion class h e l i o c e n t r i c  p r o f i l e s  w i th  mission d u r a t i o n s  of 
around 1000 days and Mars s topover  t i m e s  of roughly one Earth yea r .  The s o l a r -  
e l e c t r i c / c h e m i c a l  mission d u r a t i o n  is  of t h e  o rde r  of 1000 days wi th  a s top-  
over t i m e  of t y p i c a l l y  200 days,  150 days of which are spen t  i n  low-thrust  
s p i r a l - o u t  escape f o r  e a r t h  r e t u r n .  A l l  o t h e r  p l a n e t o c e n t r i c  maneuvers are 
performed by chemical systems. The d u a l  d e p a r t u r e  concepts employ d i r e c t  
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(hyperbol ic )  e n t r y  of t h e  l ande r / a scen t  probe a t  Mars. The s i n g l e  launch, a l l -  
chemical concept employs an e n t r y  ou t -o f -e l l i p t i ca l -o rb i t  mode. 
A pre l iminary  p o i n t  des ign  a n a l y s i s  of each of t h e  above t h r e e  a l t e r n a t i v e  
concepts w a s  performed t o  d e f i n e  t h e  approaches i n  t e r m s  of mission p r o f i l e ,  
p re l iminary  system conf igu ra t ion ,  weights  summary, cursory  development schedule ,  
cursory  c o s t s ,  and summary of suppor t ing  technology requirements .  The d i r e c t  
r een t ry / r ecove ry ,  d u a l  depa r tu re ,  a l l -chemical  concept r e q u i r e s  g ross  e a r t h  
depa r tu re  weights  of 8500 and 9000 pounds f o r  t h e  l ande r / a scen t  probe and 
o r b i t e r / b u s  r e t u r n  v e h i c l e  payloads,  r e s p e c t i v e l y ,  based on 1971 technology. 
The depa r tu re  weight of t h e  o r b i t e r / b u s  v e h i c l e  i n  t h e  o r b i t a l  cap ture / recovery ,  
so l a r - e l ec t r i c / chemica l  approach i s  9300 pounds and t h e  power r equ i r ed  a t  1 AU 
i s  approximately 15 k i l o w a t t s .  The gross  depa r tu re  weight r equ i r ed  f o r  t h e  
s i n g l e  launch,  a l l -chemical  concept i s  approximately 34,000 pounds. 
The concepts i d e n t i f i e d  i n  t h e  s tudy  are promising a l t e r n a t i v e  approaches 
t o  automated MSSR missions i n  t h e  1975-1980 t i m e  per iod  us ing  t h e  T i t a n  I I I D /  
Centaur o r  Intermediate-20/Centaur v e h i c l e s .  
would r e q u i r e  maximum u t i l i z a t i o n  of Viking/Mariner technology and hardware. 
A very  i n t e n s i v e  Phase A/Phase B program would be  r equ i r ed  i n  CY 1971 wi th  a 
program commitment by January 1972. 
based on a Phase A s tudy  i n  CY 1971. 
The 1975 mission p a r t i c u l a r l y  
The 1977 mission schedule  should a l s o  be 
The d u a l  depa r tu re  mission/system concepts  o f f e r  mission f l e x i b i l i t y  and 
lander -orb i te r /bus  i n t e r f a c e  advantages over s i n g l e  launch concepts .  The d u a l  
o r  mu l t ip l e  d e p a r t u r e  approach o f f e r s  t h e  p o s s i b i l i t y  of u s ing  m u l t i p l e  l ande r /  
a scen t  probes t o  sample more than a s i n g l e  Mars s i te .  The p r o b a b i l i t y  of 
mission success  would b e  increased  over a s i n g l e  probe approach. F u r t h e r ,  t h e  
lander  o r  o r b i t e r / b u s  could perform missions as independent payloads.  The 
probe a scen t  v e h i c l e  could b e  rep laced  by a 2000-pound class mobile s u r f a c e  
l abora to ry  and launched as a mission i n  i t s e l f .  
i n t e r f a c e ,  t h e  d u a l  depa r tu re  concept minimizes performance and system i n t e r -  
dependences between t h e  l ande r / a scen t  probe and o r b i t e r / b u s  v e h i c l e .  
With regard  t o  o rb i t e r - l ande r  
Recommendations f o r  follow-on ac t iv i t i e s  based on t h i s  s tudy  are 
summarized i n  Sec t ion  I X  of t h e  r e p o r t .  
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I I :  
A cand ida te  concept f o r  cont inuing t h e  e x p l o r a t i o n  of Mars i n  t h e  1970 ' s  
and e a r l y  1980 ' s  is  an  automated system t o  r e t u r n  phys ica l  samples of t h e  
p l a n e t a r y  s u r f a c e  t o  Earth.  The automated r e t u r n  of an e x t r a t e r r e s t r i a l  sample 
has  been demonstrated by t h e  r e c e n t l y  s u c c e s s f u l  Soviet  Luna 1 6  mission.  The 
b a s i c  t echno log ie s  r equ i r ed  t o  a c q u i r e  and r e t u r n  Mars samples wi th  automated 
s p a c e c r a f t  w i l l  be a v a i l a b l e  i n  t h e  1970's t o  both t h e  United States and Russia .  
Whether o r  not  t h e  Mars s u r f a c e  sample r e t u r n  (MSSR) g o a l  i s  pursued by e i t h e r  
program w i l l  depend on t h e  p r i o r i t y  ass igned t o  t h e  mission on t h e  b a s i s  of i t s  
merits s c i e n t i f i c a l l y  and otherwise,  i nc lud ing  i t s  c o n t r i b u t i o n  t o  i n t e r n a t i o n a l  
t echno log ica l  l e a d e r s h i p .  
The concept of a f u l l y  automated MSSR system based on use  of t h e  Saturn V 
class launch c a p a b i l i t y  w a s  s tud ied  by Northrop du r ing  t h e  per iod J u l y  1969 
through February 1970 under Contract  NAS8-24714 ( r e f s .  1 through 4) .  The 
mission w a s  considered as a p o t e n t i a l  e a r l y  (1977-82) o p e r a t i o n a l  a p p l i c a t i o n  
of t h e  Saturn V v e h i c l e  w i th  a nuc lea r  (NERVA) t h i r d  s t a g e .  Comparison w a s  
made wi th  an  al l -chemical  Saturn V approach. 
were developed and a b a s e l i n e  approach s e l e c t e d  and de f ined .  The b a s e l i n e  
system performance would provide a t o t a l  s a m p l e  r e t u r n  c a p a b i l i t y  of approxi- 
mately 160 pounds employing a n  i n t e g r a t e d  o r b i t e r / l a n d e r / r o v e r  concept w i th  
d u a l  l ande r / a scen t  probes.  The o r b i t e r  would act  as a high d a t a  rate r e l a y  
and provide planet-wide synop t i c  imagery and m u l t i s p e c t r a l  mapping. These 
d a t a  would be used wi th  t h e  ground t r u t h  e s t a b l i s h e d  by t h e  d u a l  l a n d e r s  and 
r o v e r s  t o  b i o l o g i c a l l y ,  geophysical ly ,  and me teo ro log ica l ly  c h a r a c t e r i z e  t h e  
p l a n e t ' s  s u r f a c e  and atmosphere. 
Candidate mission/system concepts  
The i n c r e a s i n g  Soviet  emphasis on s o p h i s t i c a t e d  automated e x p l o r a t i o n  has  
prompted t h e  s tudy  r epor t ed  i n  t h i s  document. 
i n  MSSR mission p o s s i b i l i t i e s  i n  t h e  mid t o  l a t e  1970 ' s ,  p a r t i c u l a r l y  using 
smaller systems and launch v e h i c l e s  t o  reduce t h e  c o s t ,  The s e c t i o n s  t o  
fo l low p r e s e n t  t h e  r e s u l t s  of a p re l imina ry  i n v e s t i g a t i o n  t o  i d e n t i f y  and d e f i n e  
promising minimum performance (LO-pwnd sample r e t u r n )  approaches t o  t h e  MSSR 
There i s  renewed NASA i n t e r e s t  
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mission.  Emphasis i s  on a n a l y s i s  of t h e  1975 mission p o s s i b i l i t y  u s ing  1 9 7 1  
technology and t h e  T i t a n  I11 and Saturn Intermediate-20 (S-IC/S-IVB) classes 
of launch v e h i c l e s  w i th  and without a Centaur upper s t a g e ,  
Sect ion I1 summarizes t h e  s tudy  o b j e c t i v e s  and g u i d e l i n e s  and o u t l i n e s  
Sec t ion  I11 d e f i n e s  t h e  missionlsystem a l t e r n a t i v e  t h e  t e c h n i c a l  approach. 
approaches considered.  Sec t ion  I V  d e f i n e s  t h e  f l i g h t  p r o f i l e  c h a r a c t e r i s t i c s  
and a s s o c i a t e d  mission requirements  f o r  t h e  cand ida te  missionlsystem a l t e r n a -  
t i v e s .  
s c a l i n g  d a t a  employed i n  t h e  parametr ic  performance ana lyses .  
s e n t s  and d i s c u s s e s  t h e  r e s u l t s  of a broad parametr ic  performance a n a l y s i s  of 
t h e  a l t e r n a t i v e  mission/system concepts  under c o n s i d e r a t i o n .  
a comparative e v a l u a t i o n  of t h e  mission/system a l t e r n a t i v e  approaches and 
i d e n t i f i e s  t h e  most promising concepts.  Sec t ion  V I 1 1  summarizes t h e  r e s u l t s  of 
p re l imina ry  po in t  des ign  ana lyses  of t h e  t h r e e  most promising concepts  s e l e c t e d  
i n  Sec t ion  V I I .  A mission p r o f i l e  summary, b r i e f  system d e s c r i p t i o n ,  weights 
summary, cu r so ry  program schedule ,  cu r so ry  c o s t s  estimate, and i d e n t i f i c a t i o n  
of support ing technology requirements  are given f o r  each s e l e c t e d  concept ,  
Sec t ion  I X  completes t h e  r e p o r t  w i th  a summary of t h e  conclusions based on t h e  
s tudy r e s u l t s  and g ives  s p e c i f i c  recommendations f o r  follow-on a c t i v i t i e s .  
Sec t ion  V d e f i n e s  and d e s c r i b e s  t h e  system des ign  approaches and weight 
Sect ion V I  p re -  
Sect ion V I 1  g i v e s  
f 












The o b j e c t i v e s  of t h e  p re sen t  i n v e s t i g a t i o n  are as fo l lows:  
o Paramet r i ca l ly  determine minimum-weight MSSR systems f o r  cand ida te  
miss ion  modes employing a l l -chemica l  o r  so l a r - e l ec t r i c / chemica l  
propuls ion  
capab i li t y 
I d e n t i f y  s i g n i f i c a n t  performance t r a d e s  and mission/system des ign  
approaches which minimize weight and performance requirements  
Define and recommend a l t e r n a t i v e  mission/system concepts  which should 
be  s t u d i e d  i n  a follow-on a c t i v i t y  
a l t e r n a t i v e s .  
8 E s t a b l i s h  candida te  launch v e h i c l e s  which match r equ i r ed  mission 
e 
o Provide cursory  program schedule  and c o s t  estimates f o r  most promising 
2.2 GUIDELINES 
The o v e r a l l  s tudy  gu ide l ines  and c o n s t r a i n t s  s p e c i f i e d  by NASA w e r e  as 
fo l lows  : 
t~ The 1975, 1977, and 1979 Mars launch o p p o r t u n i t i e s  are t o  b e  cons idered .  
e The T i t a n  I11 f ami ly  of launch v e h i c l e s  and s e l e c t e d  Sa tu rn  V der iva-  
t ives  such as t h e  In t e rmed ia t e  20/Centaur are t o  be  cons idered  as 
d i r e c t e d  by NASA. 
The primary miss ion  o b j e c t i v e  w i l l  be  t o  r e t u r n  a minimum Mars s u r f a c e  
sample t o  Ear th .  Mission sc i ence  w i l l  be  minimized t o  only t h a t  
e s s e n t i a l  t o  suppor t  t h e  primary o b j e c t i v e .  
So la r  e l ec t r i c  systems are t o  be  cons idered  f o r  primary s p a c e c r a f t  
p ropuls ion  i n  a d d i t i o n  t o  a l l -chemica l  systems approaches.  
New miss ion  modes which may be  in t roduced  by T i t a n  class launch v e h i c l e  
performance c o n s t r a i n t s  s h a l l  be  cons idered  such as: 
'k Dual launches t o  Mars wi th  t h e  l ande r / a scen t  probe and r e t u r n  
o r b i t e r / b u s  c a r r i e d  as s e p a r a t e  payloads.  
depa r tu re  i n j e c t i o n  s t a g e .  
* Dual launches t o  Ear th  o r b i t  f o r  mating of MSSR s p a c e c r a f t  and 
S t e r i l i z a t i o n  should  be  enforced a t  Mars through t h e  20-year per iod  





The t e c h n i c a l  approach is  shown i n  F igu re  2-1. The s tudy w a s  performed 
i n  f o u r  major t a s k s .  These are b r i e f l y  d i scussed  i n  t h e  fol lowing paragraphs.  
Task A. 
and Svstem C h a r a c t e r i s t i c s  Data 
D e f i n i t i o n  of Mission/System Alternatives and Assembly of Mission Mode 
This  t a s k  r equ i r ed ,  f i r s t ,  t h e  definition of t h e  mission/system a l t e r n a -  
t i v e s  which appeared t o  warrant  c o n s i d e r a t i o n  i n  t h e  s tudy .  
work performed i n  Contract  NAS8-24714 were used as a p o i n t  of depa r tu re  t o  
e s t a b l i s h  t h e  p r i n c i p a l  mission mode a l t e r n a t i v e s  which o f f e r  t h e  b e s t  poten- 
t i a l  f o r  Ea r th  launch performance l i m i t e d  systems. Two new mission mode a l te r -  
n a t i v e s  were introduced through cons ide ra t ion  of l i m i t e d  Earth launch c a p a b i l i t y :  
(1) m u l t i p l e  i n t e r p l a n e t a r y  launches t o  Mars wi th  t h e  l ande r / a scen t  probe(s)  
and r e t u r n  o r b i t e r / b u s  c a r r i e d  as s e p a r a t e  payloads; and (2) dua l  launches t o  
Earth o r b i t  f o r  mating of t h e  MSSR s p a c e c r a f t  and d e p a r t u r e  i n j e c t i o n  s t a g e  
(Earth o r b i t  rendezvous mode). 
The r e s u l t s  of t h e  
A s  w i l l  be  desc r ibed  i n  S e c t i o n  111, e i g h t  c a t e g o r i e s  of system concept 
a l t e r n a t i v e s  were i d e n t i f i e d  inc lud ing  f o u r  a l l -chemical  propuls ion concepts 
and f o u r  s o l a r - e l e c t r i c / c h e m i c a l  p ropu l s ion  concepts .  
of mission c h a r a c t e r i s t i c s  and system f u n c t i o n a l  requirements was performed t o  
d e f i n e  t h e  major s p a c e c r a f t  elements f o r  each of t h e  e i g h t  c a t e g o r i e s  of system 
concept a l t e r n a t i v e s .  
A prel iminary a n a l y s i s  
Based on t h e  r e s u l t s  of t he  above a n a l y s i s ,  mission and system design 
c h a r a c t e r i s t i c s  d a t a  r e q u i r e d  f o r  pa rame t r i c  performance e v a l u a t i o n  were 
assembled and analyzed f o r  each of t he  i d e n t i f i e d  mission/system a l t e r n a t i v e s .  
Maximum u t i l i z a t i o n  of a v a i l a b l e  e x i s t i n g  mission and systems d a t a  w a s  made. 
The d a t a  base  w a s  b u i l t  p r i m a r i l y  around t h e  r e s u l t s  of Northrop 's  work under 
NAS8-24714; a v a i l a b l e  information on Mariner '69,  Mariner ' 7 1 ,  and Viking; 
Voyager Phase B s t u d i e s ;  and p a s t  s o l a r - e l e c t r i c  mission and s p a c e c r a f t  s t u d i e s  
documented i n  t h e  open l i t e r a t u r e .  Two technology bases  were considered i n  
e s t a b l i s h i n g  weights and weight s c a l i n g  parameters f o r  t h e  performance analyses:  
(1) 1971 technology d i c t a t e d  by t h e  1975 launch oppor tun i ty  mission,  and 
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Two MSSR mission/system performance eva lua t ion  models were employed i n  t h e  
s tudy .  F i r s t ,  t h e  v e r s a t i l e  performance eva lua t ion  computer program developed 
under NAS8-24714 w a s  modified t o  handle  t h e  a d d i t i o n a l  a l l -chemical  system 
mission modes considered i n  t h e  p re sen t  s tudy .  This  program was then used f o r  
gene ra t ion  of performance d a t a  f o r  t h e  al l -chemical  mission/system concepts .  
For  t h e  so l a r - e l ec t r i c / chemica l  propuls ion  concepts ,  a new computer program 
model w a s  e s t a b l i s h e d .  
t h e  paramet r ic  s t u d i e s  and f o r  use  i n  i t e ra t ive  a n a l y s i s  of pre l iminary  po in t  
des igns  of s e l e c t e d  systems. 
Both of these computer models w e r e  set up f o r  u se  i n  
Task B.  Paramet r ic  Performance and Systems Analysis  
The d a t a  and performance models prepared i n  Task A were used t o  conduct 
a series of paramet r ic  mission performance ana lyses  covering t h e  e i g h t  cate- 
g o r i e s  of system concept a l t e r n a t i v e s  i d e n t i f i e d  i n  Task A. Weight requi re -  
ments f o r  a l l  major s p a c e c r a f t  system elements were generated f o r  sample r e t u r n  
weights  from 0 t o  50 pounds. 
performance and weight t r a d e s  f o r  p a r t i c u l a r  mission/system des ign  parameters 
of i n t e r e s t  inc luding:  1971 technology base  ve r sus  1974 technology base ;  
e f f e c t  of Mars e n t r y  mode; e f f e c t  of adding a d d i t i o n a l  l ande r  s c i ence  weight ;  
e f f e c t  of adding a d d i t i o n a l  o r b i t e r  sc ience ;  e f f e c t  of s o l a r  array and i o n  
t h r u s t e r  module s p e c i f i c  weights  ( s o l a r - e l e c t r i c  propuls ion  concepts ) ,  etc. 
Paramet r ic  mission/system perfwmance d a t a  were prepared i n  g r a p h i c a l  form such 
t h a t  major a l t e r n a t i v e  approaches can b e  compared and matched t o  s e l e c t e d  T i t a n  
I11 family and Sa turn  V d e r i v a t i v e  launch v e h i c l e  c a p a b i l i t i e s .  The January 1970 
Launch Vehicle  Es t imat ing  Fac to r s  book publ i shed  by NA$A/OSSA ( r e f .  5) was used 
as a b a s e l i n e  r e fe rence  f o r  candida te  launch v e h i c l e  performance c a p a b i l i t i e s .  
Addi t iona l  launch v e h i c l e  d a t a  were suppl ied  by NASA/MSFC as requ i r ed .  
v e h i c l e s  of primary i n t e r e s t  are t h e  T i t a n  IIIDICentaur ,  Intermediate-20, (S-IC/  
S-IVB), and In te rmedia te  201’Centaur. The T i t a n  I I I D  w a s  considered f o r  t h e  
Ear th  o r b i t  rendezvous concepts ,  and t h e  p o s s i b i l i t y  of us ing  the  Space S h u t t l e  
wi th  a Centaur transmars i n j e c t i o n  s t a g e  was a l s o  considered.  The r equ i r ed  
Mars e n t r y l l a n d e r  probe d iameters  were compared t o  t h e  T i t a n  I I I ICen tau r  pay- 
load shroud envelope given i n  r e fe rence  5 and t h e  Intermediate-20 shroud 
conf igu ra t ion  suppl ied  by NASA/MSFC. 
Paramet r ic  d a t a  were genera ted  t o  show o v e r a l l  
The 




Throughout t h e  above ana lyses  i t e r a t i o n s  were made between t h e  computer 
performance models and r e l a t i v e l y  d e t a i l e d  system weights  and conf igu ra t io i i  
s i z i n g  checks.  This  approach was used t o  ensure  r e a l i s t i c  t r ends  i n  t h e  
paramet r ic  d a t a .  This  w a s  of p a r t i c u l a r  importance i n  t h e  cases based on t h e  
1 9 7 1  technology base  (1975 launch oppor tun i ty ) .  Here, f o r  example, p ropuls ion  
module mass f r a c t i o n s  were n o t  as "rubberized" as €or  t h e  advanced technology 
modules us ing  new development engines .  The 1 9 7 1  technology v e h i c l e s  were based 
on u s e  of e x i s t i n g  engines  wi th  de f ined  weights  and des ign  c h a r a c t e r i s t i c s .  
Task C. S e l e c t i o n  of Most Promising Candidate  Mission/System Approaches 
This  t a s k  w a s  t o  e v a l u a t e  t h e  r e s u l t s  of t a s k s  A and B and select  t h e  
candida te  mission/system approaches t h a t  appear t o  warran t  more d e t a i l e d  s tudy .  
The t h r e e  most promising a l t e r n a t i v e  concepts  were de f ined  and summarized i n  
terms of a miss ion  p r o f i l e  summary, b r i e f  system d e s c r i p t i o n ,  weights  summary, 
cursory  program schedule ,  cursory  c o s t s  estimate, and i d e n t i f i c a t i o n  of sup- 
p o r t i n g  technology requi rements .  
p re l iminary  p o i n t  des ign  a n a l y s i s  o f  each s e l e c t e d  concept .  
The above summaries were based on a b r i e f  
Task D .  Documentation 
The f i n a l  t a s k  w a s  t h e  s tudy  documentation and p repa ra t ion  of b r i e f i n g  
materials. 
and recommendations prepared  t o  provide  a b a s i s  f o r  follow-on s tudy  ac t iv i t i e s .  
Conclusions were summarized on t h e  b a s i s  o f  o v e r a l l  s tudy  r e s u l t s  
r i  





This  s e c t i o n  d e f i n e s  t h e  a l t e r n a t i v e  mission/system approaches considered 
i n  t h e  p re sen t  s tudy .  
3.1 MISS D SYS 
The p r i n c i p a l  mission/system op t ions  which can be  considered f o r  automated 
MSSR concepts  are summarized i n  Table  3-1. The op t ions  t h a t  are no t  s e l f  
explana tory  are b r i e f l y  de f ined  i n  t h e  fo l lowing  subsec t ions .  
3.1.1.1 S ing le  Launch. I n  t h i s  mode, t h e  MSSR s p a c e c r a f t  is  launched wi th  a 
s i n g l e  Ear th  launch v e h i c l e .  
3.1.1.2 Mul t ip l e  I n t e r p l a n e t a r y  Launch. I n  t h i s  depa r tu re  mode, t h e  l ande r /  
r e t u r n  ( a scen t )  probe and o r b i t e r / b u s  r e t u r n  v e h i c l e  are  launched as s e p a r a t e  
payloads onto s e p a r a t e  Earth-Mars t r a j e c t o r i e s .  I n  t h i s  concept ,  more than  one 
l ande r / a scen t  probe could be  launched and r e t u r n e d  by a s i n g l e  o r b i t e r / b u s  
r e t u r n  v e h i c l e  
- 
3.1.1.3 Ea r th  Orb i t  Rendezvous. I n  t h i s  approach, t h e  MSSR s p a c e c r a f t  and 
t ransmars  i n j e c t i o n  s t a g e  are launched i n t o  low Ear th  o r b i t  by s e p a r a t e  launch 
v e h i c l e s .  The s p a c e c r a f t  and i n j e c t i o n  s t a g e  perform rendezvous and dock i n  
park ing  o r b i t ,  The s p a c e c r a f t  i s  i n j e c t e d  onto  t h e  t r a n s p l a n e t a r y  escape 
t r a j e c t o r y  by t h e  i n j e c t i o n  s t a g e .  
3 , 1 , 2 . 1  Conjunction Class. The.Conjunction Class h e l i o c e n t r i c  p r o f i l e  i s  
cha rac t e r i zed  by low-energy t r a n s f e r  t r a j e c t o r i e s  bo th  outbound Earth-to-Mars 
and inbound Mars-to-Earth. Mars a r r iva l  g e n e r a l l y  occurs  r e l a t i v e l y  near  





Table 3-1 . MSSR MISSIOI.I/SYSTEII OPTIONS ., : 
( 1  ) Earth Launch/Departure Mode Single Launch 
Mu1 t i p l e  Interplanetary Launch 
Earth Orbit Rendezvous 
( 2 )  Earth Launch Vehicle Titan IIIC 
Titan I I I D  
Titan IIID/Centaur 
INT-20 (S-  I C( 4-F1 ) / S -  IVB) 
IfJT-20/ Centaur 
Shuttle/Centaur 
(3)  tiel i ocentri c Prof i 1 e Conjunction Class 
Opposition Class (Direct and  
Venus Swi ngby) 
t 
( 4 )  SEP Spacecraft P1 anetocentri c 
Cap t u  re/ Escape Modes 
Chemi cal Propul sioti 
Spiral O u t / I n  
Combi nation 
( 5 )  Planetary Vehicle Concept t Direct Probe 
Orb i t e  r/ Bus -Pro be 
( 6 )  Orbi ter/Bus Primary Propulsion A1 1 -Chemical 
Solar-Elcctri CIChernical 
I 
( 7 )  Number Lander/Return Probes S i  ngl e 
Dual 
1 (8) llars Entry Mode Direct (Hyperbolic) 
Out-of-Circular Orbit 
Out-of-Elliptical Orbit 
1 ( 9 )  Entry Concept 
(10) llars Descent/Landing System 
Ball i s t i c  
Lift ing (Offset C . G . )  
Full Aerobraking 
Full Propul s i  on 
Aerobraking with Terminal Propulsion 
None 
Lander-Dependent C1 ass 
Lander-Independent Class 
( 1 1 )  llars Surface Rover 
Direct Ascent t o  Escape 
Direct Return Via rlars Parking Orbit 
Return Via Mars Orbit Rendezvous 
( 1 2 )  tlars Ascent/Earth Return Mode 
(1 3) Earth Intercept/Recovery Mode Direct ReentrylRecovery 
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Ear th  year  t o  achieve low-energy t r a n s f e r  t r a j e c t o r i e s  both outbound and in-  
bound. The r equ i r ed  s topover  t i m e  r e s u l t s  i n  t o t a l  mission du ra t ions  of t h e  
o rde r  of 1000 days.  
3.1.2.2 Opposit ion Class. Opposit ion Class missions are cha rac t e r i zed  by 35 
t o  60 percent  less t o t a l  mission d u r a t i o n  than  t h e  conjunct ion  class miss ions  
but  a t  the  expense of less favorab le  v e l o c i t y  c h a r a c t e r i s t i c s .  The outbound 
and inbound t r a j e c t o r i e s  are d i r e c t  i n  t h e  so-cal led Standard Opposit ion Class 
missions.  The h igh  energy c h a r a c t e r i s t i c s  of t h i s  class of mission make t h e  
Standard Opposit ion p r o f i l e s  gene ra l ly  u n a t t r a c t i v e  as a candida te  mode f o r  
MSSR. Stopover t i m e s  a t  Mars are gene ra l ly  10 t o  30 days f o r  Standard 
Opposit ion missions.  
Depending on mission oppor tuni ty ,  e i t h e r  t h e  outbound o r  inbound t r a j e c t o r y  
of an oppos i t i on  class p r o f i l e  may permit u s e  of a Venus swingby t o  improve t h e  
energy c h a r a c t e r i s t i c s  of t h e  mission f o r  roughly a 25 percent  i n c r e a s e  i n  t o t a l  
mission du ra t ion .  The t o t a l  du ra t ion  is  t y p i c a l l y  of t h e  o rde r  of 600 days.  
lectric Spacecraft Ploneocentric Coptpre/Escope Modes 
P 
3.1.3.1 Chemical Propuls ion.  I n  t h i s  op t ion ,  t h e  i n t e r p l a n e t a r y  t r a n s f e r s  
outbound and inbound are performed wi th  s o l a r - e l e c t r i c  propuls ion.  
a t  Earth is  performed by t h e  Ear th  launch veh ic l e .  The cap tu re  and escape 
maneuvers a t  Mars and t h e  cap tu re  maneuver a t  Ea r th  r e t u r n  ( i f  t h e  o r b i t a l  
cap ture / recovery  mode i s  employed) are performed wi th  chemical propuls ion  systems. 
The escape 
3.1,3,2 S p i r a l  Out/In.  I n  t h i s  op t ion ,  th.e escape and cap tu re  maneuvers a t  
Earth and Mars are a l l  performed by low-thrust  s p i r a l i n g  about t h e  p l a n e t  t o  
e i t h e r  bu i ld  energy f o r  e scape .o r  decrease  energy r e l a t i v e  t o  t h e  p l a n e t  f o r  
capture  
3 ,1 ,3 .3  Combination, A combination of t h e  above two modes can be considered.  
A combination of p a r t i c u l a r  i n t e r e s t  i s  chemical escape from Ear th ,  chemical 




3 .1 .4 .1  Direct Probe. I n  t h e  Direct Probe concept,  t h e  e n t i r e  s p a c e c r a f t  
l ands  on t h e  Mars s u r f a c e  and returns t o  Ea r th  d i r e c t l y  from t h e  s u r f a c e .  
3.1.4.2 OrbiterlBus-Probe. The Orbiter/Bus-Probe a l t e r n a t i v e  in t roduces  an 
o r b i t i n g  element i n t o  t h e  system. I n  t h e  Mars o r b i t  rendezvous Earth r e t u r n  
mode, t he  o r b i t e r l b u s  provides  t h e  re turn t r a n s p o r t a t i o n .  The o r b i t e r  can a l s o  
support  t h e  Mars s u r f a c e  mission from o r b i t  as a communications r e l a y  and 
s u r f  ace mapper. 
3.1.5 Mars Entry Mode 
3.1.5.1 Direct (Hyperbolic).  I n  t h i s  mode,the l a n d e r / r e t u r n  probe enters t h e  
Mars atmosphere d i r e c t l y  from t h e  hype rbo l i c  approach t r a j e c t o r y .  
3.1.5.2 Out-of-Circular O r b i t .  The probe, i n  t h i s  mode, is  c a r r i e d  i n t o  
c i r c u l a r  cap tu re  o r b i t  by t h e  Mars braking s t a g e  of t h e  o r b i t e r l b u s  v e h i c l e .  
The probe i s  sepa ra t ed  i n  o r b i t  f o r  de -o rb i t  and e n t r y .  
3.1.5.3 Ou t -o f -E l l ip t i ca l  O r b i t .  I n  t h i s  mode, t h e  probe is c a r r i e d  i n t o  an 
i n i t i a l  e l l i p t i c a l  cap tu re  o r b i t  and i s  s e p a r a t e d  f o r  de -o rb i t  and e n t r y .  
o r b i t e r / b u s  v e h i c l e  later a d j u s t s  down t o  a c i r cu$a r  o p e r a t i o n a l  o r b i t  t o  support  
t h e  s u r f a c e  mission.  
The 
Obviously, n o t  a l l  combinations of the pumerous o p t i o n s  i n  Table 3-1 are 
I n  t h e  p r e s e n t  s tudy ,  f e a s i b l e  based on weight aqd performance c o n s i d e r a t i o n s ,  
emphasis was placed on s e l e c t i o n  of approaches which o f f e r  f e a s i b l e  missions 
w i t h i n  t h e  launch c a p a b i l i t y  of t h e  Titan 111: and Intermediate-20 (INT-20) 
class v e h i c l e s .  
on t h e  r e s u l t s  of work under Contract  NAS8-24714 ( r e f s ,  1 thrqugh 4 ) .  This  
sc reen ing  r e s u l t e d  i n  s e l e c t i o n  o f  t h e  fol lowing mission/system op t ions  f o r  
a n a l y s i s  : 
An i n i t i a l  s c reen ing  of inission/system op t ions  was made based 
e A l l  t h r e e  e a r t h  l aunch /depa r tu re  mades shown i n  Table 3-1 
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Conjunction class missions;  cons ide r  Venus swingby missions f o r  INT-20/ 
Centaur c l a s s  v e h i c l e  (a l l -chemical  s p a c e c r a f t  propuls ion)  
For S o l a r - E l e c t r i c  Propuls ion (SEP) Concepts: 
Low t h r u s t  h e l i o c e n t r i c  t r a n s f e r ;  chemical propuls ion f o r  planeto- 
c e n t r i c  e scape /cap tu re  except consider  SEP s p i r a l - o u t  Mars escape as 
an a l t e r n a t i v e  
Earth r e t u r n  via  t h e  Mars o r b i t  rendezvous (MOR) mode 
Orbiter/bus-probe p l a n e t a r y  v e h i c l e  concept (Orb i t e r /bus  needed f o r  
MOR mode) 
Consider both al l -chemical  and s o l a r - e l e c t r i c / c h e m i c a l  propuls ion 
a l t e r n a t i v e s  f o r  t h e  o r b i t e r / b u s  
S i n g l e  l a n d e r / r e t u r n  ( a scen t )  probe 
D i r e c t  (hyperbol ic)  e n t r y  a t  Mars 
L i f t i n g  ( o f f s e t  c.g.)  Mars e n t r y  
Aerobraking wi th  t e rmina l  p ropu l s ion  f o r  Mars descen t / l and ing  
S m a l l  (150-pound) lander-independent class rove r  
Consider both d i r e c t  r e e n t r y  and o r b i t a l  c a p t u r e  Earth recovery modes. 
The o u t - o f - e l l i p t i c a l  and out-of-circular  o r b i t  e n t r y  modes a t  Mars were 
c a r r i e d  through t h e  pa rame t r i c  performance ana lyses  as a l t e r n a t i v e s  f o r  compari- 
son t o  t h e  d i r e c t  mode. 
3.2 SUMMARY 0 ATE MISSION/SY ST EM CONCEPT ALTERNATIVES 
On t h e  b a s i s  of t h e  op t ions  de f ined  i n  t h e  preceding subsec t ions ,  e i g h t  
c a t e g o r i e s  of MSSR s p a c e c r a f t  concepts were de f ined  covering a l l  t h e  b a s e l i n e  
mission mode and major system op t ions  of i n t e r e s t .  These e i g h t  concepts are 
summarized i n  F igu re  3-1 i n  terms of Ea r th  d e p a r t u r e  mode, o r b i t e r / b u s  primary 
propuls ion concept,  Earth recovery mode, and t h e  v a r i o u s  major system elements 
r equ i r ed  by t h e  given concept based on an a n a l y s i s  of f u n c t i o n a l  mission 
requirements.  The f i r s t  f o u r  concepts l i s t e d  i n  F igu re  3-1 are al l -chemical  
systems. The l a s t  fou r  are s o l a r - e l e c t r i c / c h e m i c a l  systems. S o l a r - e l e c t r i c  
propuls ion i s  used only i n  t h e  o r b i t e r / b u s  v e h i c l e  s i n c e  t h e  l a n d e r / r e t u r n  
( a scen t )  probe must n e c e s s a r i l y  employ chemical p ropu l s ion  systems. 
I n  o rde r  t o  g ive  a quicker  g ra sp  of t h e  e i g h t  c a t e g o r i e s  of s p a c e c r a f t  
systems under cons ide ra t ion ,  schematic i l l u s t r a t i o n s  of each concept are given 
i n  F igu res  3-2 through 3-9. Each f i g u r e  gives:  (1) a system concept ske tch  
3- 5 
NORTHROP TR-842 
H U NTSV I LL E 
which i d e n t i f i e s  t h e  major s p a c e c r a f t  system elements,  (2)  a mission p r o f i l e  
summary d e s c r i p t i o n ,  and (3)  an i d e n t i f i c a t i o n  of p a t e n t i a l  cand ida te  Earth 
launch v e h i c l e s .  
The d e f i n i t i o n s  of n i s s ion / sys t em al ternat ives  g iven  i n  t h i s  s e c t i o n  serve 
as a b a s i c  framework f o r  t h e  analyses and p resen ta t%on  of s tudy r e s u l t s  i n  t h e  
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This s e c t i o n  d e f i n e s  t h e  mission p r o f i l e  c h a r a c t e r i s t i c s  r equ i r ed  f o r  
a n a l y s i s  of MSSR performance f o r  each cand ida te  mission/system a l t e r n a t i v e  
under c o n s i d e r a t i o n .  The al l -chemical  missions are considered f i r s t ,  followed 
by d i s c u s s i o n  of t h e  s o l a r - e l e c t r i c / c h e m i c a l  missions.  Reference performance 
c a p a b i l i t i e s  of t h e  t h e  carididate Earth launch v e h i c l e s  considered i n  t h e  
p re sen t  s tudy are summarized a t  t h e  end of t h e  s e c t i o n .  
4.1 ALL-CHEMICAL MISSIONS 
The mission a n a l y s i s  f o r  a l l -chemical  concepts  w a s  based on u s e  of t h e  
r e s u l t s  of work under Contract  NAS8-24714 ( r e f .  2 )  w i t h  the  development of 
a d d i t i o n a l  d a t a  where r equ i r ed .  
4.1.1 Heliocentric Trajectories and Mission Chorobteristics 
The fol lowing g u i d e l i n e s  and c o n s t r a i n t s  were used i n  t h e  s e l e c t i o n  of 
b a s e l i n e  i n t e r p l a n e t a r y  t r a j e c t o r i e s :  
0 Conjunction Class and Opposit ion Class f l i g h t  p r o f i l e s  corresponding 
t o  t h e  1975, 1978, and 1980 Earth-Mars oppos i t i ons  are considered.  
e Nominal Earth depa r tu re  pe r iod  is  20 days.* 
e Launch w i l l  be  from Cape Kennedy a t  a launch azimuth between 80 and 
100 degrees  ( r e l axed  f o r  1975 Inbound Venus Swingby mission) .  
B I n  Venus swingby mis s ions ,  t h e  swingby d i s t a n c e  a t  Venus should no t  
be less than approximately 1.1 p l a n e t  r a d i i .  
Mars s topover  t i m e s  are considered as follows: 
>k 
* From optimum stopover  t i m e  t o  100 days less than optimum f o r  
Ea r th  r e e n t r y  speed is  l i m i t e d  t o  50,000 f t / s e c  (15.24 km/sec) f o r  
d i r e c t  r een t ry / r ecove ry  mode missions 
The p r i n c i p a l  c r i t e r i o n  f o r  s e l e c t i o n  of r e f e r e n c e  t r a j e c t o r y  and 
mission c h a r a c t e r i s t i c s  i s  t h e  minimization of t o t a l  mission v e l o c i t y  
requirements.  
One day f o r  Opposit ion Class missions (near  minimum energy missioes)  
Conjunction Class missions 
*In the duaZ departure mission concept?, the departure period would possib Zy 
have t o  be incrJeased if both launches were t o  be made from the same pad. 
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4.1 .1 .1  Conjunction Class Missions.  F igure  4-1 summarizes t h e  s e l e c t e d  base- 
l i n e  Conjunction Class mission t i m e  c h a r a c t e r i s t i c s .  The 1982, 1984, and 1986 
missions are added i n  t h e  f i g u r e  f o r  comparison. A s  i s  w e l l  known f o r  t h i s  
class of mission p r o f i l e ,  t h e  t o t a l  miss ion  d u r a t i g n  i s  of t h e  order  of 1000 
days f o r  a l l  o p p o r t u n i t i e s .  The Mars stopover  t i m e  ranges  from 340 t o  370 days 
€or  t h e  1975, 1978, and 1980 miss ions  of in te res t ,  
Table 4-1 summarizes t h e  Conjunction Class mission v e l o c i t y  requirements  
and c h a r a c t e r i s t i c s .  The Earth depa r tu re  energy requirements  f o r  a 20-day 
depa r tu re  per iod  ranges from 11 km / sec2  f o r  t h e  1980 mission up t o  1 7  km / s e c  
f o r  t h e  1975 mission.  The depa r tu re  asymptote d e c l i n a t i o n  i s  less than 30 
degrees  f o r  t h e s e  missions;  t h e r e f o r e ,  launch azimuths gene ra l ly  wi th in  a few 
2 2 2  
deg res s  of due east (90 degrees)  can be used t o  achieve  accep,table d a i l y  f i r i n g  
windows dur ing  t h e  mission depa r tu re  per iod .  For t h e  t h r e e  mission o p p o r t u n i t i e s  
of p a r t i c u l a r  i n t e r e s t  (1975, 1978, 1980), t h e  Mars c a p t u r e  and depa r tu re  impulse 
requirements are  r e l a t i v e l y  i n v a r i a n t  wi th  mission.  The impulse requirements  
shown a r e  based on a r e f e r e n c e  600-km c i rcu lar  Mars o r b i t .  The s e l e c t i o n  of 
t h i s  a l t i t u d e  w i l l  be  d iscussed  i n  subsec t ion  4.1.2. 
The Ear th  cap tu re  impulse requirements  given i n  Table 4-1 are determined 
by assuming t h e  Apollo Command and Serv ice  Module (CSM) is  employed f o r  sample 
r e t r i e v a l .  Th i s  assumption i s  d iscussed  i n  subsec t ion  4.1.3,  The r e e n t r y  
speed a t  Earth f o r  t h e  d i r e c t  r een t ry / r ecove ry  mode is  given i n  t h e  las t  column 
i n  the  t a b l e .  The speeds are r e l a t i v e l y  l o w  ranging frgm abovt 37,600 t o  40,500 
f t / s e c  depending on miss ion  oppor tuni ty .  
A b r i e f  parametr ic  a n a l y s i s  w a s  performed t o  i n v e s t i g a t e  t h e  v e l o c i t y  
p e n a l t i e s  a s soc ia t ed  wi th  shor ten ing  t h e  conjunct ion  class mission by e i t h e r  
s h o r t e r  r e t u r n  f l i g h f  t i m e  t r a j e c t o r i e s  o r  depa r t ing  Mars a t  an  ear l ie r  date  
( shor ten ing  t h e  s topover  t ime) .  F igures  4-2, 4 - 3 ,  and 4-4 p resen t  t h e  r e s u l t s  
of t h e  a n a l y s i s .  
Figure 4-2 shows t h e  Mars depa r tu re  impulse pena l ty  as a func t ion  of t h e  
t o t a l  sav ings  i n  mission du ra t ion .  Data are given f o r  t h e  1975 and 1978 missions.  
Each p o i n t  on t h e  curves  r e p r e s e n t s  t h e  optimum (minimum AV) combination of 
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mission d u r a t i o n  sav ings .  
impulse c a p a b i l i t y  would produce a 60-day sav ings  i n  t h e  1975 mission or  approxi- 
mately an 83-day sav ings  i n  t h e  1978 m i s s i m .  The d a t a  shQw t h a t  t h e  v e l o c i t y  
pena l ty  becomes q u i t e  l i i rge t o  s i g n i f i c a n t l y  sho r t en  She mission. 
The curves i n d i c a t e  t h a t  an a d d i t i o n a l  500 m/sec 
F igu re  4-3 i n t roduces  cons ide ra t ion  of t h e  v e l o c i t y  impulse pena l ty  f o r  
o r b i t a l  cap tu re  a t  Ea r th  r e t u r n .  The f i g u r e  g ives  t h e  sum of t h e  impulse 
i n c r e a s e s  f o r  Mars d e p a r t u r e  and Ea r th  c a p t u r e  as a f u n c t i o n  of n e t  s av ings  i n  
t o t a l  mission du ra t ion .  
recovery mode, t h e  s p a c e c r a f t  performance pena l ty  is  seen  t o  i n c r e a s e  r a p i d l y  
f o r  s i g n i f i c a n t  s av ings  i n  mission du ra t ion .  
For systems employing t h e  Ea r th  o r b i t a l  c a p t u r e /  
For t h e  d i r e c t  r een t ry / r ecove ry  mode a t  Earth r e t u r n ,  tbe i n c r e a s e  i n  
r e e n t r y  speed as a f u n c t i o n  of t o t a l  n e t  s av ings  i n  mission d u r a t i o n  i s  shown 
i n  F igu re  4-4. The curves i n d i c a t e  t h a t  a savings of approximately 87 days i n  
t h e  1975 mission would push t h e  r e e n t r y  speed up t o  50,009 f t / s e c .  S i m i l a r l y ,  
a savings of about 96 days i n  t h e  1978 mission would i n c r e a s e  t h e  r e e n t r y  speed 
t o  50,000 f t / s e c .  
I n  summary, t h e  Conjunction Class missions cannot be shortened s i g n i f i c a n t l y  
without l a r g e  p e n a l t i e s  i n  v e l o c i t y  requirements ,  
. Figure  4-5 and Table 4-2 summarize t h e  s e l e c t e d  
b a s e l i n e  Venus swingby mission c h a r a c t e r i s t i c s  and v e l o c i t y  requirements.  One- 
day s topover  times were s e l e c t e d  as a r e f e r e n c e  f o r  a l l  missions.  This  would be 
r e p r e s e n t a t i v e  of a minimum energy mission and would a l low a b a r e  minimum of t i m e  
on t h e  s u r f a c e  f o r  sampling. Stopovers up t o  several, days could be considered 
without  s i g n i f i c a n t  mission energy p e n a l t i e s .  
swingby oppor tun i ty .  
t h e  1978 mission;  however, t h e  inbound mission i s  c h a r a c t e r i z e d  by h igh  energy 
requirements and t h e  outbound case has  a ve ry  narrow d e p a r t u r e  window t o  ach ieve  
accep tab le  Venus passage cond i t ions .  
10-day Earth d e p a r t u r e  window. 
f t / s e c  and exceeds t h e  50,000 f t / s e c  s tudy c o n s t r a i n t  by 13 .4  percen t .  
d e p a r t u r e  energy (C ) requirement is  high a t  42 km /sec The 1980 mission 
oppor tun i ty  i s  an  outbound swingby wi th  o v e r a l l  mission c h a r a c t e r i s t i c s  comparable 
t o  t h e  1975 mission.  
The 1975 mission is  a n  inbound 
Both outbound and inbound swingby o p p o r t u n i t i e s  e x i s t  f o r  
The 1978 outbound mission i s  shown f o r  a 
The Earth r e e n t r y  speed i s  approximately 56,700 
The Earth 
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Tab1 e 4-2. VENUS SWINGBY M I S S I O N  VELOCITY REQUIREMENTS 
o 600-KM CIRCULAR MARS CAPTURE ORBIT 
555 x 9100-KM EARTH CAPTURE ORBIT 
MISSION 
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(1 )  
( 2 )  A V ' S  INCLUDE 3% CONTINGENCY 
(3)  
C3 = TWICE THE TOTAL ENERGY PER UNIT SPACECRAFT MASS 
EARTH CAPTURE IMPULSE ALLOWS ORBITAL RETRIEVAL OF SAMPLE$ 8Y APOLLO CSM WITH 10% 
A V  RESERVE 
It w a s  necessary  i n  t h e  case of t h e  1975 Venus swingby miss ion  t o  cons ide r  
launch azimuths as f a r  North as 45 degrees  because of t h e  l a r g e  d e c l i n a t i o n s  
reached by t h e  depa r tu re  asymptote dur ing  t h e  Ear th  depa r tu re  per iod .  
causes  launch v e h i c l e  performance p e n a l t i e s  and r e q u i r e s  launches a t  azimuths 
near  t h e  most n o r t h e a s t e r l y  raqge s a f e t y  L i m i t  which p o t e n t i a l l y  could be 






O f  t h e  t h r e e  oppos i t i on  yea r s ,  t h e  1 9 7 5  inbound swingby and t h e  1980 
outbound swingby miss ions  were s e l e c t e d  for i n v e s t i g a t i o n  i n  t h e  mission/system 
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A c i r c u l a r  o p e r a t i o n a l  o r b i t  i s  d e s i r a b l e  f o r  t h e  MSSR o r b i t e r / b u s  v e h i c l e  
because of t h e  requirement f o r  o r b i t a l  rendezvous wi th  t h e  probe a s c e n t  v e h i c l e .  
For purposes of t h e  p re sen t  s tudy ,  o r b i t  a l t i t u d e  was s e l e c t e d  p r i m a r i l y  on t h e  
b a s i s  of l i f e t i m e  requirements  t o  s a t i s f y  p l a n e t a r y  qua ran t ine .  The qua ran t ine  
groundrule w a s  taken t o  be t h e  same as t h a t  d i r e c t e d  by NASA f o r  t h e  s tudy under 
Contract  NAS8-24714; i .e. ,  qua ran t ine  i s  t o  be enforced f o r  a 20-year per iod 
beginning January 1, 1969. Thus, o r b i t  minimum l i f e t i m e s  must extend from Mars 
a r r i v a l  through January 1, 1989. I n  t h e  previous s tudy a c o n s t r a i n t  was imposed 
which r equ i r ed  s t e r i l i z a b l e  p r a p e l l a n t s  t o  be used below 1000 km a l t i f u d e .  This 
groundrule w a s  r e l axed  i n  the p resen t  s tudy.  
4.1.2.1 Orb i t  A l t i t u d e .  Based a n , t h e  arr ival  d a t e s  a t  Mars, Table 4-3 summarizes 
t h e  minimum o r b i t  l i f e t i m e  requirement f o r  each r e f e r e n c e  mission under cansidera-  
t i o n .  The requirement i s  seen  t o  range frow 8 . 3  t o  12.8 yea r s  depending on t h e  
mission. 
t i n g  v e h i c l e  e f f e c t i v e  b a l l i s t i c  c o e f f i c i e n t  of 0 .1  s l u g / f t 2 ,  t h e  minimum o r b i t  
a l t i t u d e  ranges from about 560 t a  600 km depending gn mission. An e f f e c t i v e  
b a l l i s t i c  c o e f f i c i e n t  of roughly 0 .1  s l u g / f t  wovld be r e p r e s e n t a t i v e  of a 
spen t  chemical s p a c e c r a f t  propuls ion s t a g e  such as t h e  Mars Braking Stage.  
Therefore ,  f o r  purposes of t h e  parametr ic  performance s t u d i e s ,  a b a s e l i n e  
o p e r a t i o n a l  o r b i t  a l t i t u d e  of 600 km was assumed f o r  t h e  o r b j t e r / b u $  v e h i c l e .  
The o r b i t  l i f e t i m e  d a t a  given i n  r e f e r e n c e  2 i n d i c a t e  t h a t  f o r  an o rb i -  
2 
4.1.2.2 Orb i t  I n c l i n a t i o n .  The primary concern i n  t h i s  s tudy i s  t h e  a n a l y s i s  
of mission/system performance; t h e r e f o r e ,  o r b i t  i n c l i n a t i o n  is  n o t  a cr i t ical  
parameter f o r  cons ide ra t ion .  
i n c l i n a t i o n  f o r  t h e  al l -chemical  mission/system concepts  must s a t i s f y  t h e  
fol lowing fundamental requirements:  
It s u f f i c e s  h e r e  t o  state t h a t  s e l e c t i o n  of o r b i t  
0 The i n c l i n a t i o n  must s a t i s f y  Mars arrival and d e p a r t u r e  asymptote 
geometry c o n s t r a i n t s .  
s e l e c t i o n  of high i n c l i n a t i o n s  up t o  near  po la r .  Venus Swingby 
missions p l a c e  r e l a t i v e l y  severe c o n s t r a i n t s  on choice of i n c l i n a t i o n  
because of t h e  s h o r t  stopover t i m e .  
i n g  s i t e  t o  avoid dog-leg o r  p l ane  change requirements f o r  a s c e n t  and 
rendezvous. 
Conjunction Class missions g e n e r a l l y  permit  
8 The i n c l i n a t i o n  must equal  o r  exceed t h e  l a t i t u d e  of t h e  probe land- 
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Table 4-3. MARS ORBIT MINIMUM L I F E T I M E  REQUIREMENTS 
MISSION 
1975 
Conjunct i on C1 a s s  
1975 Inbound 
Venus Swi ngby 
1978 
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Q The o r b i t  should be posigrade t o  avoid probe a s c e n t  v e h i c l e  launches  
a g a i n s t  Mars' r o t a t i o n .  
4.1.2.3 E l l i p t i c a l  Capture o r b i t .  Tn t h e  Mars e n t r y  o u t - o f - e l l i p t i c a l  o r b i t  
mode, t h e  l ande r / a scen t  probe is  c a r r i e d  i n t o  an i n i t i a l  e l l i p t i c a l  c a p t u r e  
o r b i t  by t h e  o r b i t e r / b u s  veh ic l e .  
a d e o r b i t  maneuver i s  performed t o  achieve  atmosphqric en t ry .  
The probe is separa ted  i n  t h e  e l l i p s e  and 
The o r b i t e r / b u s  
v e h i c l e  l a te r  f i r e s  t h e  brak ing  s t a g e  a second time t o  maneyver from t h e  e l l i p s e  
i n t o  a 600-km o p e r a t i o n a l  c i r c u l a r  o r b i t .  
For purposes of t h i s  s tudy ,  a Mars synchronous e l l i p s e  wi th  a $OO-kp 
p e r i a p s i s  a l t i t u d e  w a s  assumed f o r  t h e  i n i t i a l  o r b i t  i n  nlissjons employing 
t h i s  cap ture  mode. The v e l o c i t y  decrement r equ i r ed  f o r  cap tu re  is  a f u n c t i o n  
of t h e  Mars a r r iva l  hyperbol ic  excess speed. 
as a func t ion  of a r r i v a l  excess  speed. The f i g u r e  p r e s e n t s  curves  f o r  p e r i a p s i s  
a l t i t u d e s  of 600 km and 1000 km, and a l g o  600-km an4 1000-km c i r c u l a r  o r b i t s  f o r  
comparison. 
p e r i a p s i s  a l t i t u d e .  The d i f f e r e n c e  between impulses f o r  i n i t i a l  e l l i p t i c a l  and 
c i r c u l a r  cap tu re  maneuvers i s  seen t o  be  af t h e  o rde r  o f  1 km/sec and i s  r e l a t i v e l y  
independent of arr ival  excess speed. 
F tgvre  4-6 g ives  t h e  r equ i r ed  AV 
The v e l o c i t y  impulse requirement i s  seen  to be a weak f w c t i o n  of  
The v e l o c i t y  impulse req$ired f o r  maneuver from an  i n i t i a l  e l l i p s e  down t o  
a 600-km c i r c u l a r  q r b i t  i s  shown i n  F igure  4-7 as a funcqion of t h e  r a t i o  
(ra/r ) of apoaps is  t o  p e r i a p s i s  r a d i i  of t h e  e l l i p s e .  
p e r i a p s i s  a l t i t u d e  are shown f o r  comparison. 
a P  
synchronous per iod  (24.6 hours)  e l l i p s e  i s  approximately 9.2 f o r  a 600-km 
p e r i a p s i s  a l t i t u d e  and 8 .3  f o r  a 1000-km a l t i t u d e .  The maneuver impulses 
corresponding t o  t h e s e  casea are approximately 1.13 km/sec and 1.05 km/sec, 
r e s p e c t i v e l y .  
Data f o r  a 10QO-km 
P 
The r /r  r a t i o  f o r  a Mars 
Table 4-4 summarizes the v e l o c i t y  impulse requirements  f o r  t h e  e l l i p t i c a l  
cap tu re  mode f o r  each r e f e r e n c e  mission under cons ide ra t ion .  
4.1,2.4 Orb i t  Per iods .  For r e f e r e n c e  purposes,  t h e  pe r iods  of c i r c u l a r  and 
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arth Capture Orbit Selection 
I n  t h e  o r b i t a l  c a p t u r e  Ea r th  in t e rCep t / r ecove ry  modg missions,  t h e  MSSR 
s p a c e c r a f t ,  o r  a sepa ra t ed  p o r f i o n  o f  it ,  must perform a propu l s ive  braking 
maneuver t o  p l a c e  t h e  samples canister and necessary equipment i n t o  an  o r b i t  
about t h e  Ea r th .  The samples c a n i s t e r  may b e  r e t r i e v e d  by a manned v e h i c l e  o r  
an automated system such as an automated space  tug. 
po r t ed  t o  an o r b i t i n g  f a c i l i t y  f o r  $nit iaJ.  qua ran t ine  and a n a l y s i s  o r  perhaps 
encapsulated i n  a s p e c i a l  con ta ine r  f o r  r e t u r n  to Ear th  l a b o r a t o r i e s  d i r e c t l y .  
The samples would b e  t r a n s -  
In  any even t ,  t h e  method of o r b i t  retrieval impacts t h e  s e l e c t i o n  of Earth 
c a p t u r e  o r b i t  and, t h e r e f o r e ,  t h e  braking lmpulrae requirements placed on t h e  
MSSR s p a c e c r a f t .  
Figure 4-10 shows representative whit s e l e c t g o n  tracieg based on t h e  use  
of an orbit-launched, f u l l y  loaded Apollo Command and Se rv ice  Module (CSM). 
The maximum a l lowab le  apogee a l t i t u d e  for t h e  MSSR s p a c e c r a f t  c a p t u r e  o r b i t  
is  shown as a f u n c t i o n  of t h e  out-of-plane ang le  r e q u i r e d  f o r  the r e t r i e v a l  
o p e r a t i o n  and t h e  t o t a l  recovery weight. 
s p a c e c r a f t  could be r e t r i e v e d . )  
n a u t i c a l  m i l e  (555-km) p e r i g e e  a l t i t u d e  and assumes a $0 percen t  performance 
(It is  p w s i b l e  t h a t  the  e n t i r e  
The d a t a  i n  t h e  f i g u r e  are based on a 300- 
contingency i n  t h e  CSM. 
f u n c t i o n  of t h e  out-of-plane a n g l e  and a weak f u a c t i o n  of t h e  recovery weight ,  
The a l lowab le  apogee a l t i t u d e  i s  seen t o  be a s t r o n g  
The CSM i s  perhaps t h e  most r easonab le  cho ice  of recovery v e h i c l e  f o r  t h e  
1975 mission oppor tun i ty ,  
recovery o p e r a t i o n s  of t h i s  Gype i n  t h e  Iafe 1979's  and e a r l y  1980's.  
purposes of t h e  p r e s e n t  s tudy ,  an orbit-launched C6M recovery v e h i c l e  was 
assumed f o r  a l l  missions because i t  exists and provides  a reasonably copserva- 
t i v e  approach w i t h  regard t o  t h e  performance impact on $he MSSR system. 
A space tug c w l d  become t h e  prime cho ice  f o r  
For 
The d a t a  shown i n  F igu re  4-10 can be f r a n s l a t e d  d i r e c t l y  i n t o  v e l o c i t y  
impulse requirements placed on t h e  MSSR spacecraft:  f o r  Eart;h o r b i t  cap tu re .  
r e p r e s e n t a t i v e  c a p t u r e  e l l i p s e  of 300 x 4900 n a q t i c a l  miles ($55 x 9100 km) 
w a s  s e l e c t e d  f o r  mission a n a l y s i s  purposes,  This  Q r b i t  a l lows f o r  approximately 
3 degrees  of out-of-plane maneuvering and r e t r g e v a l  of around 2000 pounds. 
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s l i g h t l y  more out-of-plane c a p a b i l i t y  o r  l a r g e r  recovery weights and s l i g h t l y  
less out-of-plane c a p a b i l i t y .  
F igu re  4-11 shows t h e  c a p t u r e  v e l o c i t y  impulse requirement f o r  t h e  MSSR 
s p a c e c r a f t  as a f u n c t i o n  Qf Ea r th  arr ival  hype rbo l i c  excess  speed. 
CSM and r e p r e s e n t a t i v e  orbit-launched space  rug recovery v e h i c l e  curves are 
shown. 
v a r i o u s  r e f e r e n c e  missions under cons ide ra t ion .  
Both Apollo 
The c a p t u r e  impulse requirements are s p o t t e d  i n  t h e  f i g u r e  f o r  t h e  
4.1.4 Mars Ascent  Vehicle  Ve loc i ty  Requirements 
Based on Northrop 's  p a s t  s t u d i e s  of Mars Ascent Veh ic l e  (MAV) t r a j e c t o r i e s  
and performance, a r e p r e s e n t a t i v e  curve o f  ascent c h a r a c q e r i s t i c  v e l o c i t y  as a 
f u n c t i o n  of o r b i t e r / b u s  o r b i t  a l t i t u d e  is given i n  F igu re  4-12. 
c o a s t  a s c e n t  p r o f i l e  is  assumed wi th  rendezvous phasing through a 300-km cir-  
c u l a r  o r b i t .  
MAY c h a r a c t e r i s t i c  v e l o c i t y  requirement is 4340 m/sec. 
4 two-stage 
For t h e  s-elected b a s e l i n e  o r b i t e r / b u s  a l t i t u d e  o f  600 km, t h e  
The curve i n c l u d e s  a 
5 pe rcen t  contingency. 
4.11.5 Secondary Mission Velocity Requirements 
On t h e  b a s i s  of Northrop's p a s t  s t u d i e s ,  Table 4-5 summarizes t h e  v e l o c i t y  
budgets adopted f o r  t h e  v a r i o u s  secondary s p a c e c r a f t  maneuver requirements 
throughout t h e  MSSR mission. 
- 
4.1,.6 Earth Orbit Rendezvous Mode Requirements 
The mission concept assumed f o r  a n a l y s i s  of t h e  e a r t h  o r b i t  rendezvous 
d e p a r t u r e  mode i s  o u t l i n e d  as follows: 
The Centaur s t a g e ,  assumed t o  b e  the transmars i n j e c t i o n  s t a g e ,  is  
launched i n t o  a low e a r t h  o r b i t  and sepa ra t ed  from t h e  launch v e h i c l e  
upper s t a g e ,  
The Centaur i s  programmed t o  au tomat i ca l ly  hold a f i x e d  a t t i t u d e  
re la t ive t o  t h e  v e l o c i t y  v e c t o r  around t h e  o r b i t .  
The second launch b r i n g s  up t h e  MSSR s p a c e c r a f t  equipped wi th  propul- 
s i o n ,  a s t r i o n i c s  equipment, and a docking a d a p t e r  system f o r  rendezvous 
and docking wi th  t h e  o r b i t i n g  Centaur s t a g e .  
With ground c o n t r o l  a s s i s t a n c e ,  t h e  rendezvous and docking ope ra t ion  
is  performed w i t h i n  two t o  t h r e e  o r b i t a l  pas ses  wi th  t h e  MSSR space- 
c r a f t  as t h e  active v e h i c l e .  
After a f i n a l  o r b i t a l  check is made on s p a p e c r a f t  and Centaur systems, 
t h e  Centaur engines  are i g n i t e d  t o  perform t h e  transmars i n j e c t i o n  
maneuver, The Centaur s t a g e  i s  j e t t i s o n e d  a f t e r  completion of t h e  
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H U NTSV I L L E 
For mission and performance analysis purposess it is assumed that launch 
on time capability from KSC would permit the rendezvous to be accomplished in 
a minimvm of time following the second launch. A 185-km circular orbit i s  
assumed to be adequate for the mission based on an anticipated short lifetime 
requirement. The velocity budget for rendezvous and docking maneuvers by the 
spacecraft is estimated to be of the order of 100 m/sec based on Northrop's 
past studies of automated Mars orbic rendezvous apd docking. This impulse 
allocation was used in the parametric performance analysis to be presented in 
Section VI. 
4.2 SOLAR-ELECTRIC/CHEMlCAL MISSIONS 
The determination of mission and performance characteristics of solar- 
electric/chemical systems is significantly more complex than for the all-chemical, 
ballistic concepts. In the solar-electric missions, the spacecraft system and 
mission trajectory characteristics are interdependent and cannot be decoupled 
in the sense possible with all-chemical, ballistic missions. 
4.2.1 Heliocentric Mission Chorocteristics 
The currently available parametric data on Earth-to-Mars solar-electric 
trajectories and performance characteristics are very limited. 
data early in the present study indicated that practically no Mars-to-Earth 
information is available. Because of the very limited time frame of the 
present study, it became necessary to adapt existing outbound data to the 
inbound problem. The approach used in this analysis i s  outlined below. 
A search-for 
4.2 .1 .1  Basic Data Source. The set of Earth-Mars trajectory and performance 
data employed by Northrcip was the recent NASA Contractor's Report by Horsewood 
and Mann, Optimum Solar Electric Interplanetary Trajectory and Performance 
Data, CR-1524, April 1970 (ref. 6 ) ,  
flyby and orbiter missions t o  Mars and other solar system targets. 
mission data are presented for six launch vehicles including Titan III/Centaur 
and SIC/SIVB Centaur vehicles. Data in the report are based on heliocentric 
trajectories which maximize net spacecraft mass. 
Mission analysis data are presented for 
Optimal 
The following quantities are presented in the report as functions of 
Earth-Mars flight time: the initial and net spacecraft masses, the electric 
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propuls ion  s y s t e m  and p r o p e l l a n t  masses, t h e  r e t r o - s t a g e  p rope l l an t  mass ( f o r  
o r b i t e r  mi s s ions ) ,  t h e  maximum and r e f e r e n c e  pbwer l e v e l s ,  and t h e  propuls ion  
system t o t a l  ope ra t ing  t i m e .  Other d a t a  presented  are t h e  minimum and maximum 
spacecraf t -sun d i s t a n c e s ,  t h e  h e l i o c e n t r i c  t r a n s f e r  ang le ,  t h e  Earth depa r tu re  
and t a r g e t  a r r i v a l  hyperbol ic  excess speeds,  the v e l o c i t y  impulse f o r  p l ane ta ry  
cap tu re  ( f o r  o r b i t e r  miss ions) ,  and t h e  i n i t i a l  Lagrange m u l t i p l i e r s .  
The p l a n e t s  are assumed t o  t r a v e l  i n  c i rcular ,  coplanar  o r b i t s  about  t h e  
sun. The r a d i i  of t h e  o r b i t s  are  taken t o  be t h e  semi-major axes of t h e  
a c t u a l  p l ane ta ry  o r b i t s .  The au tho r s  state t h a t  t hese  assumptions l ead  t o  
performance estimates t h a t  e s s e n t i a l l y  are average va lues  of t h e  c y c l i c  
v a r i a t i o n s  i n  performance over  s e v e r a l  mission Oppor tuni t ies  noted when t h e  
a c t u a l  three-dimensional,  non-circular  p l ane ta ry  ephemerides are employed. 
The propuls ion  system i s  assumed t o  o p e r a t e  a t  cons t an t  j e t  exhaust s p e e d  
c ,  wi th  a t h r u s t  subsystem e f f i c i e n c y  q expressed by 
2 bc 
c2 -i- d2 
r l =  
where c i s  i n  u n i t s  of km/sec and b and d are c o n s t a n t s  wi th  assuqed va lues  
of 0.769 and 14 .3  km/sec, r e s p e c t i v e l y .  F igure  4-13 (from r e f .  6) shows the  
va lue  of T-I as a func t ion  of c. 
The v a r i a t i o n  of e l e c t r i c a l  power as a f u n c t i o n  of d i s t a n c e  from t h e  sun 
i s  given i n  r e fe rence  6 by 
where P is  t h e  power a t  1 AU s o l a r  d i s t a n c e  and r i s  t h e  d i s t a n c e  of t h e  
spacec ra f t  from the  sun. This  func t ion  w a s  recommended by t h e  Jet  Propuls ion  
Laboratory and accounts  f o r  t h e  e f f e c t s  of the space environment on s o l a r  c e l l s .  
F igure  4-14 shows a p l o t  of t h e  power r a t i o  (P/P 
from t h e  sun i n  AU. The c o e f f i c i e n t s  a are def ined  as fol lows:  a = 0.6270, 
al = 5.3054, a2 = -10.0376, a3 = 7.1073, and a4 = -2.0021. 
1AU 
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4.2.1.2 Northrop Analysis  Procedure. It  was observed i n  the  above d a t a  t h a t  t he  
p r i n c i p a l  mission parameters and c e r t a i n  s y s t e m  parameters  and parameter r a t i o s  > 
p l o t t e d  versus  f l i g h t  t i m e  are r e l a t i v e l y  i n s e n s i t i v e  t o  the  choice of  launch 
veh ic l e .  From t h e  d a t a  f o r  Mars o r b i t e r  miss ions ,  p l o t s  were made of t he  
fol lowing parameters  ve r sus  f l i g h t  t i m e :  
! 
Ear th  depa r tu re  energy (C ) 
I n i t i a l  s p a c e c r a f t  a c c e l e r a t i o n  
S o l a r - e l e c t r i c  propuls ion  (SEP) system s p e c i f i c  impulse 
Propuls ion  t i m e  
SEP p r o p e l l a n t  f r ac t ion ,  ( r a t i o  of SEP prope;llant t p  Ear th  depa r tu re  
weight)  
Optimum h e l i o c e n t r i c  t r a n s f e r  ang le  
Hyperbolic excess  speeds a t  Mars and Earth.  
3 
These p l o t s  are given i n  F igure  4-15 t h r w g h  4-21, r e s p e c t i v e l y .  
The above parametric d a t a  were used t o  genera te  miss ion  requirements  and 
c h a r a c t e r i s t i c s  f o r  both t h e  outbound and inbound legs of t h e  MSSR mission.  
The assumption w a s  made t h a t  a near-minimum energy class of s o l a r - e l e c t r i c  
round t r i p  miss ions  can be approximated by employing mi r ro r  image r e t u r n  
t r a j e c t o r i e s  based on t h e  c h a r a c t e r i s t i c s  of the  paramet r ic  outbound d a t a ,  
Under t h i s  assumption r e p r e s e n t a t i v e  round t r i p  miss ion  p r o f i l e s  were cons t ruc ted  
as fol lows:  
m A p l o t  of Ear th  and Mars h e l i o c e n t r i c  l ong i tude  ve r sus  J u l i a n  d a t e  
was prepared f o r  eqch of t h e  t h r e e  mission o p p o r t u n i t i e s  of i n t e r e s t  
(1975, 1978, and 1980) .  
e The p l o t  of optimum h e l i o c e n t r i c  t r a n s f e r  o r  t r a v e l  ang le  was used 
i n  conjunct ion  w i t h  t h e  above p l o t s  t o  i t e r a t i v e l y  c o n s t r u c t  round 
t r i p  mission p r o f i l e s  by matching inbound/autbound f l i g h t  times and 
Mars s topover  t i m e  t o  p lone tary  p o s i t i o n s ,  A sys temat ic  s ea rch  
scheme w a s  used t o  converge on round t r i p  p r o f i l e  "so lu t ions"  s a t i s f y -  
ing  h e l i o c e n t r i c  t r a n s f e r  a n g l e / f l i g h t  t i m e  c h a r a c t e r i s t i c s  and 
p l ane ta ry  p o s i t i o n s .  
w a s  t o  maximize n e t  spacec ra f t  mass wi th in  t h e  s h o r t e s t  t o t a l  mission 
d u r a t i o n  c o n s i s t e n t  wi th  near-maximum performance, 
f l i g h t  t i m e s  were e s t a b l i s h e d ,  i t  was then  p o s s i b l e  t o  determine t h e  
a s s o c i a t e d  miss ion  and system performance c h a r a c t e r i s t i c s  from t h e  
d a t a  i n  F igures  4-15 through 4-21. The performance model developed 
The c r i t e r i o n  used t o  gene ra t e  r e f e r e n c e  missions 
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Figure 4-15. EARTH DEPARTURE ENERGY FOR SEP MISSIONS 
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Figure 4-20. OPTIMUM HELIOCENTRIC TRANSFER ANGLE AS A FUNCTION OF F L I G H T  T I M E  
200 300 400 500 600 
F L I G H T  T I M E  (DAYS) 
700 8 00 
4-34 
TR-842 NOR'IHROP '- . 
HUNTSVILLE 
4 -  
3 -  
0 -  
200 300 . 400 500 600 
F L I G H T  T I M E  (DAYS) 
700 800 
F igure  4-21. OPTIMUM HYPERBOLIC EXCESS S P E E D S  AS A FUNCTION OF F L I G H T  T I M E  
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f o r  parametr ic  a n a l y s i s  of a l t e r n a t i v e  s o l a r - e l e c t r i c  missionlsystem 
concepts w i l l  be  discussed i n  Sec t ion  V I .  The model w a s  designed t o  
en fo rce  a l l  outbound and inbound parameters c o n s i s t e n t  w i th  t h e  
mission requirements de f ined  by t h e  above procedure based on t h e  
pa rame t r i c  d a t a  contained i n  r e f e r e n c e  6. 
t i o n s  were inc reased  by 10 p e r c e n t  t o  account f o r  u n c e r t a i n t i e s  i n  
t h e  missiop analysgs assumptions.  
The SEP p r o p e l l a n t  f r a c -  
4.2.1.3 Comments on Mission Analysis  Procedure. While the  procedure descr ibed 
above i s  not  as a c c u r a t e  as would have been d e s i r e d ,  i t  is  bel ieved t h a t  
reasonably real is t ic  mission performance t r e n d s  were e s t a b l i s h e d  c o n s i s t e n t  w i th  
t h e  o b j e c t i v e s  and i n t e n t  of t h e  p r e s e n t  i n v e s t i g a t i o n ,  Personal c o m u n i c a t i p n  
wi th  t h e  au tho r s  of r e f e r e n c e  6 i n d i c a t e d  t h a t  t hey  f e l t  t h e  o v e r a l l  approach 
was reasonably v a l i d  f o r  p re l imina ry  i n v e e t i 8 a t i v e  purposes.  
It  i s  noted t h a t  t he  a v a i l a b l e  d a t a  d i d  no t  a l l p w  cons ide ra t ion  of 
opposi t ion" type Mars-Earth r e t u r n  t r a j e c t o r i e s  t h a t  t y p i c a l l y  c r o s s  i n s i d e  11 
E a r t h ' s  o r b i t .  Missions w i t h  d u r a t i o n s  less than  the  1000-day c l a s s  low- 
energy p r o f i l e s  would r e q u i r e  t h i s  type of r e t u r n  leg .  
' 4.2.1.4 Resu l t ing  Mission C h a r a c t e r i s t i c s .  Based oq t h e  procedure which has  
been desc r ibed ,  Figure 4-22 summarizes r e p r e s e n t a t i v e  c h a r a c t e r i s t i c s  f o r  t h e  
t h r e e  mission o p p o r t u n i t i e s  under c o n s i d e r a t i o n .  The t o t a l  mission d u r a t i o n s  
are similar t o  t h e  Conjunction Class b a l l i s t i c  missions.  It w a s  found t h a t  a 
r easonab le  outbound l e g  f o r  a l l  missions w a s  a 350-day t r a j e c t o r y .  
bound f l i g h t  t i m e  can be t raded wi th  t h e  Mars s topave r  t i m e ;  however, t h e  t o t a l  
mission d u r a t i o n  w a s  found t o  be r e l a t i v e l y  i n v a r i a n t .  
The in -  
D I, 
The inbound f l i g h t  t i m e  f o r  t h e  c a s e s  shown i n  Figure 4-22 i s  600 days 
f o r  t h e  i n d i c a t e d  s topover  times of 130 t o  1 7 0  days.  I t  was la te r  found i n  
t h e  parametr ic  performance s t u d i e s  t h a t  a s l i g h t l y  longer  stopover time of 
around 200 days was d e s i r a b l e  i f  s p i r a l - o u t  escape is  employed a t  Mars, I n  
t h i s  mode, much of t h e  s topover  time i s  used i n  t h e  s p i r a l - o u t  ope ra t ion .  For $r 
k 
t h e s e  missions,  a 500-day inbound t r a j e c t o r y  was found t o  be c h a r a c t e r i s t i c .  
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Based on t h e  inbound and outbound t r a j e c t o r i e s  corresponding t o  t h e  
missions i n  F igu re  4-22, t h e  mission v e l o c i t y  and system performance parameters 
are  summarized i n  Table 4-6 .  The Earth d e p a r t u r e  energy requirement C i s  
2 2 approximately 2 km / s e c  . 
escape are seen t o  be r e l a t i v e l y  low a t  less t han  1.5 km/sec. 
discussed la te r ,  t h e  r e f e r e n c e  o r b i t  a t  Mar8 is  based on an a l t i t u d e  of 1000 
km. 
3 
The v e l o c i t y  impulses f o r  Mars c a p t u r e  and chemical 
A s  w i l l  be 
The Ea r th  c a p t u r e  impulse requirement i s  approximately 1.9 km/sec t o  
a l low recovery by a n  orbit-launched Apol lo  CSM. 
S u f f i c i e n t  data were n o t  a v i i l a b l e  t o  account f o r  t h e  e f f e c t s  of Ea r th  
d e p a r t u r e  pe f iod  on missi,oh c h a r a c t e r i s t i c &  and requirements .  
performance margin between t h e  r equ i r ed  g r o s s  weight of t h e  s p a c e c r a f t  a t  Ea r th  
d e p a r t u r e  ( f o r  a given-sample r e t u r n  weight requirement) and t h e  launch v e h i c l e  
performance c a p a b i l i t y  must provide f o r  d e p a r t u r e  pe r iod  e f f e c t s .  
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Tab7e 4-6. REPRESENTATIVE SOLAR-ELECTRIC MISSION/SYSTEM REQUIREMENT$ 
0 1000-KM MARS CAPTURE ORBIT 
0 555 X 9100-KM EARTH CAPTURE ORBIT 
(1)  AV'S INCLUDE A 3% CONTINGENCY 
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The r equ i r ed  i n i t i a l  s p a c e c r a f t  a c c e l e r a t i o n  both outbound and inbound 
-5 i s  approximately 1.5 x 1 0  g o r  about 1.5 x m/sec2. The opt imal  s p e c i f i c  
impulses are i n  t h e  3000 t o  4500 seconds range. The SEP p r o p e l l a n t  f r a c t i o n s  
are approximately 10 pe rcen t  outbound and 1 3  percen t  inbound inc lud ing  a 10 
pe rcen t  contingency over t h e  va lues  determined from t h e  d a t a  by Horsewood and 
Mann i n  r e f e r e n c e  6. 
4.2.2 Mars Orbit Selection I 
General ly  t h e  d i s c u s s i o n  of Mars o r b i t  s e l e c t i o n  c o n s i d e r a t i o n s  given i n  
subsec t ion  4.1.2 f o r  t h e  al l -chemical  missions a p p l i e s  t o  t h e  s o l a r - e l e c t r i c /  
chemical missions wi th  t h e  except ions d i scussed  i n  t h e  fol lowing paragraph. 
The o r b i t  a l t i t u d e  based on l i f e t i m e  c o n s i d e r a t i o n s  gene ra l ly .mus t  be 
increased because of t h e  c h a r a c t e r i s t i c a l l y  lower e f f e c t i v e  b a l l i s t i c  c o e f f i c i e n t  
of t h e  s o l a r - e l e c t r i c  o r b i t e r / b u s  v e h i c l e .  A r e p r e s e n t a t i v e  worst case b a l l i s t i c  
c o e f f i c i e n t  is  est imated t o  be roughly 0.03 s l u g / f t  . 
800-km o r b i t  f o r  t h e  maximum a n t i c i p a t e d  l i f e t i m e  requirements based on t h e  
2 This would r e q u i r e  an 
20-year qua ran t ine  groundrule  d i scussed  i n  subsec t ion  4.1.2. Early i n  the  s tudy 
a 1000-km c i r c u l a r  o r b i t  w a s  adopted f o r  p re l imina ry  mission a n a l y s i s  purposes.  
The mission v e l o c i t y  impulse requirements based on t h e  1000-km o r b i t  were 
increased by a 3 percen t  contingency f a c t o r ,  
s u f f i c i e n t  i n c r e a s e  i n  AV t o  a l h w  c a p t u r e  i n t o  t h e  lower 800-km o r b i t  s i z e d  
by l i f e t i m e  c o n s i d e r a t i o n s .  I n  a d d i t i o n ,  t h e  c h a r a c t e r i s t i c  v e l o c i t y  of t h e  
Mars a scen t  v e h i c l e  w a s  s i z e d  e a r l y  i n  t h e  s tudy wi th  adequate performance 
margin ( f i v e  pe rcen t  reserve f o r  launch t o  600-km o r b i t )  t o  permit ascent t o  
This w a s  la ter  found t o  be a 
o r b i t s  as high as 1000-km. Therefore ,  t h e  assumption of a 1000-km o r b i t  f o r  
purposes of pa rame t r i c  performance a n a l y s i s  of s o l a r - e l e c t r i c / c h e m i c a l  missions 
w a s  maintained throughout t h e  s tudy.  The l a n d e r / a s c e n t  v e h i c l e  w a s  s i z e d  based 
on e s s e n t i a l l y  common performance requirements between t h e  al l -chemical  and 
s o l a r - e l e c t r i c l c h e m i c a l  concepts ( f o r  a given Mars e n t r y  mode). This  permit ted 
cons ide ra t ion  of a common l ande r / a scen t  v e h i c l e  s i z i n g  dependent p r i m a r i l y  on 
sample r e t u r n  payload and Mars e n t r y  mode ( d i r e c t  o r  ou t -o f -o rb i t ) .  
4.2.2.1 Mars P l a n e t o c e n t r i c  Maneuver Impulse Requirements. Figure 4-23  shows 
t h e  v e l o c i t y  impulse r equ i r ed  f o r  Mars c a p t u r e  o r  escape as a f u n c t i o n  Earth- 




A V  
(KM/SEC 
200 300 400 500 600 700 80 
FLIGHT TIME (DAYS) 
(EARTH-MARS OR MARS-EARTH) 





c i r c u l a r  o r b i t s .  The b a s e l i n e  outbpund Earth-Mars f l i g h t  t i m e  i s  350 d a y s .  The 
v e l o c i t y  impulse requi red  f o r  Mars cap tu re  (1 .45  km/sec inc luding  3 percent  con- 
t ingency)  is  seen t o  be  i n  t h e  knee of t h e  curves.  
i s  t y p i c a l l y  500 t o  600 days.  
depa r tu re  (1 .34 km/sec inc luding  3 pe rcen t  contingency) i s  seen t o  be  r e l a t i v e l y  
independent of f l i g h t  t i m e  f o r  t i m e s  g r e a t e r  than about 450 days. 
The Mars-Earth f l i g h t  t i m e  
The Mars escape  impulse f o r  chemical propuls ive  
The e l l i p t i c a l  cap tu re  o r b i t  mode a t  Mars may be  used i n  t h e  s i n g l e -  
launch so la r - e l ec t r i c / chemica l  concepts.  The hyperbol ic  excess speed at Mars 
a r r i v a l  i s  n e a r  1 km/sec f o r  t h e  outbound 350-day t r a j e c t o r y .  This  low energy 
level a t  arr ival  r e s u l t s  i n  a requirement of on ly  260 m/sec ( inc luding  3 percent  
contingency) to  achieve cap tu re  i n t o  a Mars synchronous e l l i p s e .  
r equ i r ed  t o  lower t h e  o r b i t  t o  c i r c u l a r  a f t e r  s e p a r a t i o n  of t h e  l ande r / a scen t  
probe f o r  e n t r y  i s  t h e  same as t h a t  f o r  t h e  chemical s p a c e c r a f t  concepts .  
The maneuver 
4 .2 .2 .2  Mars Spiral-Out Escape Mode Analysis .  The performance c h a r a c t e r i s t i c s  
of t h e  low-thrust  sp i r a l -ou t  escape mode a l ternat ive a t  Mars can be reasonably 
w e l l  analyzed by a method developed by Melbourne ( r e f .  7). Melbourne's method 
employs cons t an t  t a n g e n t i a l  t h r u s t  t o  d e r i v e  a n a l y t i c a l  express ions  f o r  t r a j e c -  
t o r y  and performance parameters .  A c o r r e c t i o n  faCtor  i s  then  app l i ed  t o  t h e  
a n a l y t i c a l  express ions  based on a numerical  c o r r e l a t i o n  between t r u e  opt imal  
s t e e r i n g  program r e s u l t s  obtained from i n t e g r a t i o n  of t h e  equat ions  of motion 
and t h e  a n a l y t i c a l  approximations.  
The two key performance parameters  of i n t e r e s t  i n  t h e  a n a l y s i s  of 
sp i r a l -ou t  escape a t  Mars are t h e  p r o p e l l a n t  f r a c t i o n  r equ i r ed  and t h e  t i m e  
r equ i r ed  f o r  escape. These two parameters  may be  computed by t h e  fo l lowing  
express ions  based on Melbourne's method. 
w r i t t e n  as 
The SEP p r o p e l l a n t  f r a c t i o n  may be 
where 
1 
m c  J W  
2c 
p = 1 -  
Pf 
1 + -  
p = r a t i o  of SEP p r o p e l l a n t  t o  t o t a l  s p a c e c r a f t  mass 
J 
pf a t  i n i t i a t i o n  of  sp i r a l -ou t  
= i n t e g r a l  of a c c e l 3 r a t i o n  jquar3d over  t h e  s p i r a l -  
= t o t a l  s p a c e c r a f t  mass a t  i n i t i a t i o n  of  sp i r a l -ou t  (kg) 
ou t  maneuver (/a d t )  (m /sec ) 
'rno 
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= t h r u s t e r  subsystem e f f i c i e n c y  
P = t o t a l  power i n  Mars Q r b i t  (kw) mo 
The t r a j e c t o r y  c h a r a c t e r i s t i c  J is  given by t h e  equat ion 
where r is  Melbourne's c o r r e c t i o n  f a c t o r  expressed by 
i 
,24323 r = 1 - .76382 (A,) 
where A i s  t h e  i n i t i a l  t h r u s t  a c c e l e r a t i o n  i n  u n i t s  of g a t  t h e  parking o r b i t .  
The parameter 5 i n  equat ion ( 2 )  is  a f u n c t i o n  of t h e  parking o r b i t  c i r c u l a r  
v e l o c i t y  V and t h e  j e t  exhaust speed c of t h e  SEP system. The expres s ion  i s  
0 
C 
S = l - e  -vc/c 
The SEP p r o p e l l a n t  mass W r equ i r ed  f o r  s p i r a l - o u t  escape is given by 
PSO 
w = l J  w pso pf mo (3 )  
The t i m e  T r equ i r ed  f o r  t h e  s p a c e c r a f t  t o  ach ieve  escape v e l o c i t y  is 
given by t h e  equat ion 
,-I 
L 
c rE wmo 
172.8 TI Pmo T =  
where T i s  i n  u n i t s  of days.  A l l  parameters  i n  t h e  equat ion have been def ined.  
The above equat ions were inco rpora t ed  i n t o  t h e  s o l a r r e l e c t r i c  mission/  
system performance computer program used t o  generate, t h e  parametr ic  d a t a  
presented i n  Sect ion V I .  
4.2.3 Earth Capture 
The d i s c u s s i o n  of Earth cap tu re  o r b i t  s e l e c t i o n  c o n s i d e r a t i o n s  given i n  
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chemical missions.  The v e l o c i t y  impulse requirement f o r  capture is  less For the 
SEP missions because of t h e  low hyperbol ic  excess speed at: E a r t h  a r r i v a l .  F i g u r e  
4-24 shows t h e  cap tu re  impulse requirement as a f u n c t i o o  of Mars-Earth f l i g h t  
t i m e .  For t h e  500- t o  600-day Ea r th  r e t u r n  times under cons ide ra t ion ,  t h e  
impulse r equ i r ed  is  approximately 1.82 km/sec. 
4.2.4 Mars Ascent Vehicle Velocity Requirameqts 
As i n d i c a t e d  i n  sul isect ion 4.2.2 i n  d i s c u s s i o n  of Mars o r b i t  a l t i t u d e  
s e l e c t i o n ,  t h e  Mars ascent v e h i c l e  c h a r a c t e r i s t i c  v e l o c i f y  requirements were 
s i z e d  such t h a t  a common v e h i c l e  could be considered f o r  both s o l a r - e l e c t r i c /  
chemical and al l -chemical  mi s s ions ,  
nominal 600-km o r b i t  of t h e  al l -chemical  rnisqiona i n c l u d e s  a 5 percen t  cont in-  
gency o r  reserve. 
t h e  s o l a r - e l e c t r i c  missions wi th  less contingency. 
The requirement of 4340 m/sec f o r  t h e  
This 5s  suf%icient  t o  ach ieve  t h e  h i g h e r  2000-km o r b i t  of 
4.2.5 Secondary Mission Velocity Requirements 
Table 4-7 summarizes t h e  secondary mission v e l o c i t y  requirements f o r  t h e  
s o l a r - e l e c t r i c / c h e m i c a l  concepts .  
by chemical propuls ion systems. 
t h a t  t h e  i n t e r p l a n e t a r y  midcourse c o r r e c t i o n  and Mars o r b i t  t r i m  requirements 
can b e  handled by t h e  s o l a r - e l e c t r i c  primary propuls ion system of t h e  o r b i t e r /  
bus v e h i c l e .  
propuls ion.  
A l l  of t h e s e  maneuvers could be performed 
However, i n  t h e  p r e s e n t  s tudy i t  i s  assumed 
A l l  o t h e r  maneuvers shown i n  t h e  t a b l e  are performed wi th  chemical 
arth Orbit Rendezvous Mode Requirements 
The Ear th  o r b i t  rendezvous depa r tu re  mode concept fox  s o l a r - e l e c t r i c /  
chemical missions i s  e s s e n t i a l l y  i d e n t i c a l  t o  t h a t  descr ibed i n  subsec t ion  
4.1.6 f o r  t h e  al l -chemical  missions.  The s p a c e c r a f t  would u t i l i z e  electrical 
power from b a t t e r i e s  o r  small w la r  a r r a y s  during Ea r th  o r b i t  ope ra t ions  t o  
avoid deployment of primary s o l a r  a r r a y s  p r i o r  t o  t h e  transmars i n j e c t i o n  
maneuver 
IDA 
The groundrule r ega rd ing  Earth launch v e h i c l e  b a s e l i n e  performance i n  t h e  
p re sen t  s tudy w a s  t o  u se  d a t a  contained i n  t h e  NASA/OSSA Launch Vehicle  E s t i -  
mating F a c t o r s  book da ted  January 1970. 
t h e  OSSA book, NASA/MSFC,or Northrop-generated d a t a  were used f o r  r e fe rence .  
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Table 4-8 summarizes b a s e l i n e  payload performance c a p a b i l i t i e s  of t h e  s i x  
launch v e h i c l e s  s p e c i f i e d  by NASA f o r  c o n s i d e r a t i o n  i n  t h i s  s tudy.  N e t  payload 
c a p a b i l i t i e s  are shown f o r  each v e h i c l e  f u r  t h e  v a r i o u s  mission a p p l i c a t i o n s  of 
i n t e r e s t .  The low Ear th  o r b i t  c a p a b i l i t i e s  of s e l e c t e d  v e h i c l e s  are shown 
because of t h e  c o n s i d e r a t i o n  of Ea r th  o r b i t  rendezvous d e p a r t u r e  mode concepts.  
The Centaur s t a g e  c h a r a c t e r i s t i c s  used in a n a l y s i s  of i n j e c t i o n  performance 
f o r  t h e  Ea r th  o r b i t  rendezvous missions and Shu t t l e /Cen tau r  performance are as 
fo l lows  : 
e 
e P r o p e l l a n t s  c a p a c i t y  = 30,000 pounds 
e 
Propuls ion system s p e c i f i c  impulse = 444 seconds 
Stage j e t t i s o n  weight = 4600 pounds 
Shu t t l e /Cen tau r  A v a i l a b i l i t y  f o r  MSSR Missions 
A c u r r e n t  f l i g h t  schedule  f o r  t h e  Space S h u t t l e  i s  shown i n  F igu re  4-25,  
The f irst  f o u r  f l i g h t s  are p r i m a r i l y  development f l i g h t s .  
f l i g h t  i s  shown f o r  t h e  f i r s t  of calendar  yea r  1978. 
t h e  1977 Mars launch oppor tun i ty .  
cons ide ra t ion  of u s e  of t h e  S h u t t l e  f o r  a MSSR mission would be t h e  1979 
oppor tun i ty .  
The f i r s t  o p e r a t i o n a l  
Th i s  would occur  a f t e r  
This  means t h a t  the f i r s t  oppor tun i ty  f o r  
c ... 
i :  
4- 46 
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s 
This  s e c t i o n  desc r ibes  t h e  systems a n a l y s i s  accomplished during t h e  s tudy .  
The MSSR system concepts i n v e s t i g a t e d  were those  i d e n t i f i e d  i n  Sec t ion  111. 
The output  of t h i s  t a s k  was t h e  system des ign  parameters  and weights  d a t a  used 
i n  t h e  paramet r ic  performance and pre l iminary  po in t  des ign  ana lyses .  
5.18 SYSTEMS ANALYSIS 6 ~ l ~ ~ ~ ~ N  
The primary o b j e c t i v e  of t h e  systems a n a l y s i s  w a s  t o  de f ine  t h e  s p a c e c r a f t  
system c h a r a c t e r i s t i c s  r equ i r ed  t o  r e t u r n  a minimum Mars s u r f a c e  sample. From 
t h e  previous s tudy  under Contract  NAS8-24714 a minimum sample weight w a s  def ined  
as 6 pounds. For purposes of t he  p re sen t  e f f o r t  a 10-pound sample r e t u r n  
requirement w a s  assumed. 
The o v e r a l l  systems des ign  approach w a s  t o  minimize t h e  gross  e a r t h  depar- 
t u r e  weight i n  order  t o  u t i l i z e  smaller class launch v e h i c l e s ,  p r i n c i p a l l y  t h e  
$Titan I11 and in t e rmed ia t e  Sa turn  class v e h i c l e s .  Payload envelopes of t h e  
p r i n c i p a l  launch v e h i c l e s  under cons ide ra t ion  are presented  i n  F igures  5-1 and 
5-2. 
bulbous shroud. 
F igure  5-2 g ives  t h e  payload envelope f o r  t h e  T i t a n  IIID/Centaur  Viking 
The shroud envelope f o r  t h e  Sa turn  INT-20/Centaur i s  presented  
i n  F igure  5-2. 
A c o n s t r a i n t  on t h e  l ande r / a scen t  probe was t h e  requirement f o r  s t e r i l i z a -  
t i o n .  
probe from t h e  t i m e  of s t e r i l i z a t i o n  p r i o r  t o  Ear th  launch u n t i l  Mars encounter .  
The probe des igns  inc lude  a b i o s h i e l d  t h a t  completely encapsula tes  t h e  
The approach employed i n  t h e  systems a n a l y s i s  i s  i l l u s t r a t e d  i n  F igure  
5-3. The s i m i l a r i t y  of t h e  systems analyzed du r ing  t h e  previous s tudy  under 
Contract  NAS8-24714 provided a real is t ic  b a s i s  f o r  systems weight s c a l i n g .  
An e x i s t i n g  computer p r o g r e  was used t o  e v a l u a t e  t h e  chemical systems per for -  
mance and a new program w a s  developed f o r  t h e  so l a r - e l ec t r i c / chemica l  systems. 
The m a s s  h i s t o r i e s  generated by t h e  performance programs were used t o  
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v e r i f y  packaging f e a s i b i l i t y  and o v e r a l l  v e h i c l e  envelopes.  
was repeated us ing  updated inpu t  d a t a  u n t i l  t h e  output  matched t h e  system p o i n t  
designs r equ i r ed  f o r  a 10-pound sample. 
were then generated us ing  t h e  i t e r a t e d  design d a t a .  
This procedure 
The r equ i r ed  s tudy parametr ic  d a t a  
5.2 DEFINITION OF SYSTEM FUNCTIONAL REQUIREMENTS 
System f u n c t i o n a l  requirements were de f ined  f o r  t h e  s p a c e c r a f t  system, 
system module, and subsystem levels f o r  both t h e  al l -chemical  and s o l a r - e l e c t r i c /  
chemical concepts .  
5.2.1 Spacecraft Functional Requirements 
The d e f i n i t i o n  of s p a c e c r a f t  f u n c t i o n a l  requirements i s  a con t inua t ion  of 
Table 5-1 p r e s e n t s  t h e  mission t h e  mission/system d e f i n i t i o n s  i n  Sect ion 111. 
c h a r a c t e r i s t i c s  t h a t  d e f i n e  t h e  s p a c e c r a f t  system concepts  f o r  both t h e  a l l -  
chemical and s o l a r - e l e c t r i c / c h e m i c a l  systems. 
5.2.2 System Module Functional Requirements 
This  subsec t ion  p r e s e n t s  f u n c t i o n a l  d e s c r i p t i o n s  of a l l  t h e  major hardware 
elements t h a t  comprise both t h e  al l -chemical  and s o l a r - e l e c t r i c / c h e m i c a l  systems 
i d e n t i f i e d  i n  Table 5-1. System elements are desc r ibed  from t h e  launch v e h i c l e  
i n t e r f a c e  forward. 
5 .2 .2 .1  Earth Launch Vehicle  Adapter. The Ea r th  launch v e h i c l e  a d a p t e r  is t h e  
mechanical i n t e r f a c e  between t h e  upper s t a g e  of t h e  launch v e h i c l e  and t h e  
lower s t a g e  of t h e  p l a n e t a r y  v e h i c l e ,  
5.2.2.2 Mars Braking Stage.  The Mars Braking Stage performs t h e  outbound mid- 
course t r a j e c t o r y  c o r r e c t i o n  maneuvers and t h e  maneuver r equ i r ed  t o  brake t h e  
o r b i t e r / b u s  i n t o  o r b i t  about Mars. 
t h e  p l a n e t a r y  v e h i c l e  during t h e  outbound l e g  of t h e  mission. 
The MBS a l s o  provides  a t t i t u d e  c o n t r o l  f o r  
5.2.2.3 Mars Departure Stage.  The Mars d e p a r t u r e  s t a g e  performs t h e  rendezvous 
maneuvers i n  Mars o r b i t  t h e  Mars d e p a r t u r e  maneuver, and t h e  inbound midcourse 
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5.2.2.4 Orbi ter /Bus Module. The o r b i t e r / b u s  module r e c e i v e s  and executes  
commands f o r  c o n t r o l  of t h e  p l a n e t a r y  v e h i c l e  throughout t h e  mission. 
5.2.2.5 Probe Mounting S t r u c t u r e .  The probe mounting s t r u c t u r e  is  t h e  mechan- 
i c a l  i n t e r f a c e  between t h e  upper s t a g e  of t h e  p l a n e t a r y  v e h i c l e  and t h e  l a n d e r /  
a s c e n t  probe. 
5.2.2.6 - S t e r i l i z a t i o n  C a n i s t e r .  The s t e r i l i z a t i o n  c a n i s t e r  is  a b i o s h l e l d  
t h a t  encapsu la t e s  t h e  l ande r / a scen t  probe from Ear th  t o  Mars. 
5.2.2.7 Probe Deorbi t  Module. The probe d e o r b i t  module provides t h e  v e l o c i t y  
decrement t o  d e o r b i t  t h e  l ande r / a scen t  probe a f t e r  i t  s e p a r a t e s  from t h e  
p l a n e t a r y  v e h i c l e  i n  Mars o r b i t  ( e n t r y  out  of o r b i t  modes on ly ) .  
5.2.2.8 Lander/Ascent Probe. The l ande r / a scen t  probe c o n s i s t s  of t h e  aero- 
braking system, l a n d e r ,  r o v e r ,  and t h e  Mars a s c e n t  v e h i c l e .  
Aerobraking System 
The aerobraking system d e c e l e r a t e s  t h e  probe from e n t r y  v e l o c i t i e s  t o  
nea r  zero v e l o c i t y  a t  touchdown on t h e  p l a n e t  s u r f a c e .  
Lander 
r ,  
The l ande r  con ta ins  t h e  subsystems r e q u i r e d  t o  l a n d  and support  t h e  l ande r  
s c i e n c e  and r o v e r .  
Rover 
The rover  i s  a lander-independent surface-roving v e h i c l e  t h a t  w i l l  g a t h e r  
and r e t u r n  s u r f a c e  samples t o  t h e  l ande r  f o r  loading i n t o  t h e  a scen t  v e h i c l e .  
Mars Ascent Vehicle  
The Mars a s c e n t  v e h i c l e  (MAV) t r a n s p o r t s  t h e  samples payload from t h e  
s u r f a c e  of Mars i n t o  o r b i t  about t h e  p l a n e t  f o r  rendezvous and docking wi th  
t h e  o r b i t e r / b u s  r e t u r n  v e h i c l e .  
5.2.2.9 Lander/Ascent Probe Bus. 
t r a n s p o r t  t h e  l ande r / a scen t  probe t o  Mars i n  t h e  dua l  d e p a r t u r e  concepts and 
c o n s i s t s  of a propuls ion module and a s p a c e c r a f t  module. 
The l ande r / a scen t  probe bus is  used t o  
5-7 
TK-842 
H U NTSV I L LE 
Propuls ion Module 
The propuls ion  module is  used t o  perform t h e  mid-course t r a j e c t o r y  correc-  
t i o n  maneuvers on t h e  Earth-Mars l e g  of t h e  mission.  It is  a l s o  used t o  
d e f l e c t  t h e  probe bus from the approach p a t h  a t  Mars on to  a f lyby  h e l i o c e n t r i c  
t r a j e c t o r y  a f t e r  t h e  l ande r / a scen t  probe h a s  been sepa ra t ed .  
Spacecraf t  Module 
The s p a c e c r a f t  module con ta ins  t h e  subsystems r equ i r ed  t o  d e l i v e r  t h e  
probe onto i t s  e n t r y  t r a j e c t o r y  a t  Mars and is  d e f l e c t e d  onto a f lyby  he l io -  
c e n t r i c  t r a j e c t o r y  a f t e r  probe sepa ra t ion .  
5.2.2.10 Ear th  Orb i t  Rendezvous (EOR) Adapter.  The EOR adap te r  i s  used t o  
dock t h e  e a r t h  depa r tu re  s t a g e  t o  t h e  p l ane ta ry  v e h i c l e  i n  e a r t h  o r b i t .  
EOR adapter  r ep laces  t h e  convent iona l  launch v e h i c l e  adap te r  f o r  t hose  concepts 
r equ i r ing  e a r t h  o r b i t  rendezvous. 
The 
5.2.2.11 So la r -E lec t r i c  Propuls ion (SEP) System. The SEP system c o n s i s t s  of 
t h e  s o l a r  c e l l  a r r a y s ,  power condi t ion ing ,  p r o p e l l a n t  and t h r u s t e r s .  The SEP 
system i s  p a r t  of t h e  o r b i t e r / b u s  v e h i c l e  f o r  a l l  s o l a r  e l e c t r i c  propuls ion  
system concepts .  
Mars t r a n s f e r ,  f o r  t h e  Mars sp i r a l -ou t  depa r tu re  maneuver ( sp i r a l -ou t  mode) 
and f o r  Mars-Earth t r a n s f e r .  
The SEP system provides  low-thrust  p ropuls ion  f o r  t h e  Earth- 
M DESIGN A ~ ~ ~ ~ A C ~  ALTERNATIVES 
The o v e r a l l  system des ign  approach a l t e r n a t i v e s  are p r imar i ly  a f u n c t i o n  
of t h e  launch oppor tuni ty .  The 1975 oppor tuni ty  r e q u i r e s  t h a t  e x i s t i n g  tech- 
nology be  employed i n  t h e  system design.  
1977 and 1979 al low t h e  use of t echno log ica l  advances u n t i l  1974. The l a t t e r  
d a t e  i s  c o n s i s t e n t  wi th  the  performance d a t a  generated under t h e  previous s tudy  
(Contract  NAS8-24714) whi le  t h e  cu r ren t  (1971) technology case  r e q u i r e s  develop- 
ment of performance d a t a  f o r  e x i s t i n g  hardware components and subsystems where 
p o s s i b l e  a 
The la ter  launch Oppor tuni t ies  i n  
.: 
j' 
* '  
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5.3.11 All-Chemical Concepts 
5.3.1.1 S y s t e m  Besign Approach f o r  1975 Opportunity.  The s p a c e c r a f t  systems 
approaches and weights  employed f o r  t h i s  mission r e l y  heav i ly  on components 
from Viking and Mariner. 
w a s  based on e x i s t i n g  technology. The subsystems c h a r a c t e r i s t i c s  s e l e c t e d  f o r  
t h i s  mission oppor tuni ty  are presented  i n  Table  5-2 and i n  t h e  fol lowing 
Where development i t e m s  were r equ i r ed ,  t h e  approach 
paragraphs.  
Science 
The Viking o r b i t e r  and l ande r  s c i ence  
i n  t h e  MSSR o r b i t e r  and lander .  The o t h e r  
s c i ence  ins t ruments .  
payloads were used without  change 
systems modules do not  con ta in  
Telecommunications, Command and Control ,  Data Storage  and Power 
For t h e  o r b i t e r / b u s  and l ande r  t h e s e  subsystems were taken  d i r e c t l y  from 
t h e  Viking systems. For  t h e  probe/bus (dua l  depa r tu re  concepts) they  were 
based on Mariner Mars '69 ,  and f o r  t h e  Mars ascent v e h i c l e  t h e  weights  from 
t h e  previous s tudy  under Cont rac t  NAS8-24714 were used wi th  some performance 
degrada t ion  assumed t o  account f o r  a p p l i c a t i o n  of p re sen t  technology. 
Guidance 
The Viking l ande r  guidance system is n o t  considered adequate f o r  t h e  more 
demanding requirements  a s s o c i a t e d  wi th  d i r e c t  l i f t i n g  e n t r y  a t  Mars; t h e r e f o r e ,  
some modi f ica t ion  w i l l  be  r equ i r ed .  
a l s o  r e q u i r e  modi f ica t ion  t o  m e e t  t h e  approach guidance requirements f o r  MSSR. 
The same is  true of t h e  Mariner guidance system used i n  t h e  probe/bus.  
The Viking o r b i t e r  guidance system w i l l  
S t r u c t u r e  and Mechanical Systems 
The s t r u c t u r e  and mechanical systems must be  developed f o r  a l l  t h e  major 
MSSR system modules but  no problems are a n t i c i p a t e d  us ing  e x i s t i n g  technology. 
Landing Gear 
This  subsystem was .assumed t o  be  s i m i l a r  i n  technology t o  t h a t  on t h e  
Viking l ande r  a 
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The aerobraking system was based on t h e  e n t r y  a n a l y s i s  performed during 
t h e  previous s tudy  and employs an a e r o s h e l l ,  an a t t a c h e d  i n f l a t a b l e  d e c e l e r a t o r  
(AID)  o r  b a l l u t e  and t e rmina l  l i q u i d  propuls ion.  
Propuls ion 
The s e l e c t i o n  of propuls ion system performance c h a r a c t e r i s t i c s  r ece ived  
s p e c i a l  a t t e n t i o n  because of i t s  impact on t h e  o v e r a l l  system weight.  
e x i s t i n g  engines  were considered as summarized i n  Table 5-3. The B e l l  8570 
engine w a s  s e l e c t e d  f o r  use throughout t h e  system based on i t s  weight and 
s p e c i f i c  impulse. 
engines t o  meet a l l  t h e  propuls ion requirements of t h e  MSSR system. 
Seve ra l  
The engine i s  used e i t h e r  s i n g l y  o r  i n  c l u s t e r s  of up t o  13 
Tab1 e 5-3. PROPULSION CHARACTERISTICS 
ENGINE 
PROPELLANT 
VACUUM THRUST ( 1  b) 
NGZZLE EXPANSION 
RATIO 
I S P  (sec) 
pc (psi)  
\EIGHT ( l b )  










7.9 x 2.9 
I N  DE FI N ITE 








































H U NTSV I LLE 
The engine i s  used i n  two c o n f i g u r a t i o n s ,  one f o r  t h e  l ande r  and Mars 
ascen t  v e h i c l e  (MAV) and t h e  o t h e r  f o r  tlic o r b i t e r h s  and a s s o c i a t e d  s t a g e s .  
For t h e  lander/MAV t h e  engine has an I s p  of 300 seconds,  expansion area r a t i o  
of 50, and a t h r u s t  of 325 pounds. For t h e  l a t te r  a p p l i c a t i o n s ,  t h e  engine has 
an I s p  of 306 seconds,  an  expansion area r a t i o  of 100 and a t h r u s t  of 336 pounds. 
Thermal Control  
The thermal  c o n t r o l  systems are based on e x i s t i n g  technology and hardware 
( i n s u l a t i o n ,  h e a t e r s ,  l ouve r s ,  c o n t r o l s ,  e tc . ) .  
. .  
A t t i t u d e  Control  
The a t t i t u d e  c o n t r o l  systems are a l s o  based on e x i s t i n g  technology and 
hardware ( t h r u s t e r s ,  p r e s s u r a n t  t a n k s ,  valves, e t c . ) .  
5.3.1.2 Systems Design Approach f o r  1977/1979 Oppor tun i t i e s .  The systems 
design approach s e l e c t e d  f o r  t h e  1977/1979 mission o p p o r t u n i t i e s  w a s  e s s e n t i a l l y  
i d e n t i c a l  t o  t h a t  s e l e c t e d  during t h e  s tudy  conducted under Contract  NAS8-24714. 
This approach was based on 1974 technology. De ta i l ed  subsystem performance 
s t u d i e s  were Conducted i n  t h e  previous s tudy  and documented i n  r e f e r e n c e  3 .  
The subsystem c h a r a c t e r i s t i c s  f o r  t h e  al l -chemical  systems are summarized 
i n  Table 5-4. 
The d i r e c t  e n t r y  technology w a s  de r ived  from t h e  e n t r y  a n a l y s i s  performed 
A s  i n  t h e  case of t h e  1975 mission/system concept,  during t h e  previous s tudy.  
t h e  d e c e l e r a t i o n  system employs a b l u n t  cone a e r o s h e l l  (SLA 561/SLA 220 h e a t  
p r o t e c t i o n  m a t e r i a l s ) ,  an a t t ached  i n f l a t a b l e  d e c e l e r a t o r ,  and t e rmina l  l i q u i d  
propuls ion.  
The subsystem c h a r a c t e r i s t i c s  having t h e  g r e a t e s t  impact on system weight 
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Tab1 e 5-5. PROPULSION SYSTEM CHARACTERISTICS FOR 1974 TECHNOLOGY BASE 
APPLICATION 
Mars Brak ing  Stage 
Mars Departure Stage 
E a r t h  Brak ing  Stage (Orb 
Mars Ascent V e h i c l e  ( l S t  
Mars Ascent V e h i c l e  (Znd 
Deorbi t /Lander  
ter /Bus)  
Stage) 
Stage) 
S P E C I F I C  
IMPULSE 







P ROPE LL AN TS 
COMB I NAT I ON 
N204/MMH 
N204/MMH 
N2 04/ MMH 
N204/MMH 
N2 04/ MMH 
N2 04/MMH 
*An aZtemative i s  a soZid motor with a deZiverad spec i f ic  impuZse of 
290 seconds. 
5.3.2 Solar-Electric/Chemicol Conqepts 
5.3.2.1 System Design Approach f o r  1975 Opportunity.  The subsystems s e l e c t e d  
f o r  t h e  1975 mission opportunify are p resen ted  i n  Table 5-6. These subsystems 
are e s s e n t i a l l y  i d e n t i c a l  t o  t hose  s e l e c t e d  f o r  t h e  all-chemical system except 
f o r  t h e  a d d i t i o n  of t h e  solar-electric p ropu l s ion  system. 
Because of weight and packaging advarrtages, r o l l - o u t  type s o l a r  c e l l  a r r a y s  
were assumed f o r  t h e  b a s e l i n e  design approach. The s p e c i f i c  weight f o r  t h e  
ro l l -ou t  s o l a r  a r r a y s  i s  shown i n  Table 5-6 t o  b e  33 pounds pe r  k i l o w a t t .  This  
w a s  i nc reased  t o  38 lb/kw t o  account f o r  degradat ion of t h e  s o l a r  cel ls  due t o  
r a d i a t i o n .  
The des ign  p o i n t  s p e c i f i c  impulse f o r  t h e  outbound l e g  of t h e  mission w a s  
3400 seconds. The inbound s p e c i f i c  impulse was 3900 seconds. The s p e c i f i c  
weight of t h e  power cond i t ion ing  and t h r u s t e r s  was 20 lb/kw based on t h e  u s e  of 
2.5 t o  3-kilowatt  mercury-electron bombardment engines.  
5.3.2.2 System Design Approach f o r  1977/1979 Opportuniqies.  The system des ign  
approach s e l e c t e d  f o r  t h e  1977/1979 mission o p p o r t u n i t i e s  is  s imilar  t o  t h a t  
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propuls ion  c h a r a c t e r i s t i c s  and a s soc ia t ed  conf igu ra t ion  in f luences .  The 
s p e c i f i c  weight of t h e  s o l a r  a r r a y s  w a s  taken t o  be  33 lb/kw inc luding  t h e  
e f f e c t s  of environmental  degrada t ion .  The s p e c i f i c  impulse f o r  both t h e  out- 
bound and inbound l e g s  of t h e  mission were t h e  same as those  f o r  t h e  1975 $ 
oppor tuni ty .  
assumed t o  b e l 6  lb/kw. 
The s p e c i f i c  weight of t h e  t h r u s t e r s  and power condi t ion ing  w a s  
,.. .~ The subsystem c h a r a c t e r i s t i c s  are summarized i n  Table  5-7. 
The d a t a  f o r  t h e  system weight a n a l y s i s  w a s  der ived  from t h r e e  p r i n c i p a l  
sources ,  a c t u a l  component weights ,  ca l cu la t ed  component weights ,  and es t imated  
o r  s ca l ed  weights .  
5.4,) Actual Component Weights 
The weights  used f o r  t h e  sc i ence ,  telecommunications,  command and c o n t r o l ,  
d a t a  s t o r a g e ,  power, and guidance subsystems were t h e  e x i s t i n g  o r  c u r r e n t  
weights  r epor t ed  f o r  Viking and Mariner systems. 
5.4.2 Calculated Weights 
Weights w e r e  c a l c u l a t e d  f o r  most of t h e  subsystems where 
weights  were n o t  a v a i l a b l e .  Engine and p r e s s u r i z a t i o n  system 
cu la t ed  us ing  computer programs developed du r ing  t h e  prev ious  
s tudy  under Contract  NAS8-24714. 
e x i s t i n g  component 
weights  were cal- 
Northrop MSSR 
A computer program w a s  wri t ten t o  c a l c u l a t e  p r o p e l l a n t  tank  weights  based 
on material p r o p e r t i e s ,  des ign  a c c e l e r a t i o n  loading ,  des ign  tank p res su re ,  and 
p r o p e l l a n t  mass. 
S t r u c t u r e  weights  were ca l cu la t ed  f o r  t h e  s p a c e c r a f t  p ropuls ion  s t a g e s  
using pre l iminary  loads  ana lyses ,  and assuming sk in - s t r inge r - r ing  frame s ide -  
w a l l s  w i th  t russ-frame secondary s t r u c t u r e  f o r  mounting engines  and p r o p e l l a n t  
tanks  . 
Heatsh ie ld  weights  were ca l cu la t ed  us ing  a e r o s h e l l  area, es t imated  hea t -  



































































































5.4.3 Weight Scaling Equations 
Weight s c a l i n g  equa t ions  w e r e  employed where e x i s t i n g  weights were not  
a v a i l a b l e  and t h e  weights could n o t  be c a l c u l a t e d  d i r e c t l y .  
The a e r o s h e l l  weight less h e a t s h i e l d  w a s  determined from t h e  fol lowing 
equat ion modified from r e f e r e n c e  14: 
= 1.655 x (WE) 1 . 5  (A/gmax) * 4  'AS 
where 
WAS = weight of t h e  a e r o s h e l l  ( l b )  
WE = weight of t h e  probe a t  e n t r y  ( l b )  
A = area corresponding t o  t h e  a e r o s h e l l  base diameter ( f t  ) 2 
j 
= t h e  maximum d e c e l e r a t i o n  g loading encountered during e n t r y  
gmax 
The weight of t h e  a t t ached  i n f l a t a b l e  d e c e l e r a t o r  (AID) w a s  determined 
from t h e  fo l lowing  equat ion from r e f e r e n c e  15: 
2 'AID = 1.55 D (.368 + .353 x l f 3 D  q) 
where 
= weight of the A I D  ( l b )  'AID 
D = diameter of t h e  a e r o s h e l l  ( f t )  
q = dynamic p r e s s u r e  a t  A I D  deployment c o n d i t i w s  ( l b / f t  ) 2 
The p r o p e l l a n t s  weight f o r  l ande r / a scen t  probe t e rmina l  descent  were 
determined from t h e  fol lowing equation: 
Wp = .0809 WGL 
where 
Wp = weight of t e rmina l  descent  p r o p e l l a n t s  ( l b )  
= gross  landed weight ( l b )  "GL 
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The cons t an t  i n  t h e  equa t ion  w a s  determined based on t h e  t e rmina l  v e l o c i t y  
c h a r a c t e r i s t i c  of t h e  e n t r y  t r a j e c t o r y  a t  i g n i t i o n  and accounts f o r  p ropu l s ive  
descen t  l o s s e s .  
A b r i e f  l i t e r a t u r e  survey was conducted du r ing  t h e  s tudy i n  o rde r  t o  
a s c e r t a i n  SEP p r o p e l l a n t  tankage weight c o e f f i c i e n t s ,  and s p e c i f i c  weights  of 
t h e  s o l a r - e l e c t r i c  power p l a n t  subsystems which are compatible wi th  1971 and 
1974 technology bases .  
Survey papers  by v a r i o u s  au tho r s  ( r e f e r e n c e s  8, 9,  10, 11, 12, 13) were 
- 
reviewed and d a t a  t a b u l a t e d  as shown i n  Tables  5-8 and 5-9. Based on t h e s e  
r e s u l t s  t h e  fo l lowing  s p e c i f i c  weights  and c o e f f i c i e n t s  were s e l e c t e d  as 










Fold-out @ 50 
Roll-out @ 28 
I 
THRUSTER TANKAGE AND 
SUBSYSTEM FEED SYSTEM 
( l b  /kw) FACTOR 
20 3% of Hg P r o p e l l a n t  
Weight 
16 3% of Hg P r o p e l l a n t  
Weight 
The f old-out a r r a y  d a t a  are based p r i m a r i l y  Qn experimental  and p r o j e c t e d  
d a t a  by Boeing/JPL s t u d i e s  ( r e f e r e n c e s  9 and 12 ) .  
are based on experimental  e f f o r t s  a t  General Electric, Ryan, and F a i r c h i l d  
Roll-out s o l a r  a r r a y  d a t a  
under ausp ices  of t h e  Jet Propuls ion Laboratory i n  Pasadena ( r e f e r e n c e s  9,  12,  
and 13 ) .  
Ion t h r u s t e r  subsystem s p e c i f i c  weight f o r  a 2.5 t o  3 kw mercury e l e c t r o n  
bombardment type t h r u s t e r  ( i nc lud ing  t h e  power cond i t ion ing  equipment) was 
s e l e c t e d  on t h e  b a s i s  of s t u d i e s  and expe'rimental r e sea rch  conducted a t  t h e  
NASA L e w i s  Research Center and t h e  JPL/Hughes A i r c r a f t  Company work on power 
cond i t ion ing  equipment and t h r u s t e r s .  
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A moderate improvement i n  s p e c i f i c  weight of t h e  power p l a n t  which amounts 
t o  about 15 pe rcen t  each f o r  t h e  s o l a r  a r r a y  subsystem and t h e  t h r u s t e r  sub- 
system w a s  assumed f o r  t h e  1974 technology base.  
r e a l i s t i c  based on t h e  g e n e r a l  t r e n d s  of SEP r e sea rch  and progress  over  t h e  
p a s t  decade. A d d i t i o n a l l y ,  a range of power p l a n t  s p e c i f i c  weight w a s  con- 
s i d e r e d  p a r a m e t r i c a l l y  during t h e  s tudy f o r  s e l e c t e d  missions i n  o r d e r  t o  
a s c e r t a i n  t h e  o v e r a l l  performance impacts of r educ t ions  o r  i n c r e a s e s  i n  s p e c i f i c  
weights .  





Tankage and feed system c o e f f i c i e n t s  f o r  mercury p r o p e l l a n t  are quoted by 
s e v e r a l  au tho r s  ( r e f e r e n c e s  8, 9 ,  and 10) t o  be about 3 percen t  of p r o p e l l a n t  
weight.  
t h e  1971 and 1974 technology bases .  
Therefore ,  t h i s  c o e f f i c i e n t  w a s  used throughout t h e  s tudy f o r  both 
The maximum ope ra t ing  times f o r  t h r u s t e r s  w a s  assumed t o  b e  10,000 and 
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Section VI  
~ O R ~ ~ N C ~  ANALYSIS 
This s e c t i o n  p r e s e n t s  t h e  results of a broad pa rame t r i c  a n a l y s i s  of 
performance c h a r a c t e r i s t i c s  of t h e  a l t e r n a t i v e  mission/system concepts under 
cons ide ra t ion .  The p r i n c i p a l  a i m  of  t h i s  a n a l y s i s  w a s  t o  d e f i n e  g ross  e a r t h  
depa r tu re  weight  requirements f o r  t he  MSSR system as a f u n c t i o n  of sample r e t u r n  
weight and p r i m a r y  mission mode and system opt ions.  
s o l a r - e l e c t r i c / c h e m i c a l  o r b i t e r / b u s  approaches were analyzed. 
bases d i scussed  i n  Sec t ion  V are r e f l e c t e d  i n  t h e  a n a l y s i s .  
Both t h e  al l -chemical  and 
The two technology 
The cand ida te  e a r t h  launch v e h i c l e  payload c a p a b i l i t i e s  are superimposed 
on t h e  r equ i r ed  mission performance t o  i d e n t i f y  and e s t a b l i s h  t h e  missionlsystem 
approaches which appear t o  b e  f e a s i b l e  and a t t r a c t i v e  from a performance s tand-  
p o i n t .  
The fol lowing subsec t ions  d e s c r i b e  t h e  method of a n a l y s i s  and p resen t  t h e  
r e s u l t s  f i r s t  f o r  t he  al l -chemical  mission/system concepts and then f o r  t he  
s o l a r - e l e c t r i c / c h e m i c a l  concepts ,  
The o r d e r  of p r e s e n t a t i o n  of r e s u l t s  is  d i r e c t l y  c o r r e l a t e d  w i t h  the  e i g h t  
s p a c e c r a f t  concepts which were def ined i n  Sec t ion  I11 i n  Figures  3-3 through 
3-10. The o r d e r  of d a t a  p r e s e n t a t i o n  is  as summarized i n  Table 6-1. 
6.1 METHOD OF ANALYSIS 
The method of d a t a  gene ra t ion  f o r  both t h e  al l -chemical  and s o l a r - e l e c t r i c /  
chemical concepts w a s  t o  u se  computerized mission/system performance models. 
The computer programs were employed i n  an i t e r a t i v e  mode whereby prel iminary 
p o i n t  design checks w e r e  made t o  v e r i f y  t h e  performance and system weights 
generated by t h e  mission/system models. The mission and systems c h a r a c t e r i s t i c s  
and weight s c a l i n g  d a t a  d i scussed  i n  Sec t ions  111, I V ,  and V were used as i n p u t s  
i n t o  the parametr ic  s t u d i e s .  
6.1.1 All-Chemical Mission/System Performance Program 
The performance program used f o r  a n a l y s i s  of t h e  al l -chemical  concepts w a s  
6-1 
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developed under Contract NAS8-24714. S l i g h t  mod i f i ca t ions  were r equ i r ed  t o  
handle  the  new dua l  depa r tu re  modes introduced f o r  t h e  f i r s t  t i m e  i n  t h e  
p re sen t  s t u d y .  The program is documented i n  d e t a i l  i n  r e f e r e n c e  2. The i n p u t  
t o  t h e  program c o n s i s t s  o f :  
e Mission mode op t ions  
A l l  primary and secondary mission v e l o c i t y  impulse requirements 
S p e c i f i c  impulses of a l l  p ropu l s ion  systems 
Weight s c a l i n g  c o n s t a n t s  and c o e f f i c i e n t s  
Mars l ande r  probe b a l l i s t i c  and d rag  c o e f f i c i e n t s  
S e l e c t i o n  of parameters t o  b e  pa rame t r i ca l ly  v a r i e d .  
The program computes a complete mass h i s t o r y  of t h e  mission f o r  t h e  s e l e c t e d  
combination of mission mode op t ions  and provides  a l i s t i n g  of a l l  major system 
weights and t h e  r equ i r ed  Mars e n t r y  probe diameter  f o r  each va lue  of t h e  param- 
eter s e l e c t e d  f o r  v a r i a t i o n ,  such as sample weight.  
6.1.2 Solar-Electric/Chemical Performance Program 
A performance model w a s  de r ived  and programmed f o r  a n a l y s i s  of t h e  s o l a r -  
e l e c t r i c / c h e m i c a l  missionlsystem concepts under cons ide ra t ion .  
d e s c r i p t i o n  of t h i s  model is  given i n  the Appendix. B r i e f l y ,  t h e  i n p u t s  are 
as fol lows:  
A d e t a i l e d  
Q Mission mode op t ions  
B) Outbound/inbound a c c e l e r a t i o n s  and s p e c i f i c  impulses 
Chemical maneuver v e l o c i t y  impulses 
S p e c i f i c  impulse of chemical systems 
e SEP outbound/inbound p r o p e l l a n t  f r a c t i o n  requirements ( h e l i o c e n t r i c  t r a n s f e r )  
S p e c i f i c  weights of s o l a r  a r r a y s  and t h r u s t  subsystem 
Weight s c a l i n g  c o n s t a n t s  and c o e f f i c i e n t s  
Mars o r b i t  r a d i u s  t o  i n i t i a t e  s p i r a l - o u t  escape 
Sample r e t u r n  weight requirement. 
The program computes a complete mission mass h i s t o r y  f o r  t h e  i n p u t  combination 
of mission mode op t ions  f o r  a s p e c i f i e d  sample r e t u r n  weight.  
can be au tomat i ca l ly  v a r i e d  over a s p e c i f i e d  range t o  gene ra t e  a series of 
mission cases. 
Sample weight 
An i t e r a t i o n  i s  made on the requ i r ed  o r b i t e r / b u s  module weight 
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t o  determine t h e  e a r t h  d e p a r t u r e  weight requirement based on the  i n p u t  parameters. 
An i t e r a t i o n  i s  inco rpora t ed  i n  t h e  program t o  j e t t i s o n  t h e  necessary p o r t i o n  
of s o l a r  a r r a y s  a t  Mars t o  match t h e  power, a c c e l e r a t i o n  and s p e c i f i c  impulse 
parameters s p e c i f i e d  f o r  t h e  Mars-Earth r e t u r n  l e g  o f . t h e  mission. i 
The ou tpu t  of t h e  program c o n s i s t s  o f :  
0 A l l  major system weights  
0 Design power and s o l a r  a r r a y  area 
0 T i m e  t o  s p i r a l - o u t  escape Mars ( i f  t h i s  mode used). 
! 
6.2 PARAMETRIC DATA FORMAT 
The p r i n c i p a l  computed parameter of i n t e r e s t  i n  t h e  broad parametr ic  
performance a n a l y s i s  of mission/system a l t e r n a t i v e s  is t h e  gross  e a r t h  depa r tu re  
weight of t he  MSSR s p a c e c r a f t  as a f u n c t i o n  of sample r e t u r n  weight.  
primary format f o r  d a t a  p r e s e n t a t i o n  i n  t h e  p r e s e n t  r e p o r t  is  gross  d e p a r t u r e  
weight r equ i r ed  ve r sus  sample weight f o r  given mission mode op t ions ,  system 
o p t i o n s ,  mission o p p o r t u n i t i e s ,  and s p a c e c r a f t  p ropu l s ion  technology base  (1971 
o r  1974). A l l  b a s i c  performance a n a l y s i s  r e s u l t s  are presented i n  t h i s  form 
wi th  sample weight as t h e  independent parameter. 
i t e m s  such as l ande r  s c i e n c e ,  rover ,  and o r b i t e r / b u s  equipment module weights 
on gross  e a r t h  d e p a r t u r e  weight is  shown i n  t h e  same format. 
a t  1 AU f o r  t h e  s o l a r - e l e c t r i c / c h e m i c a l  o r b i t e r / b u s  concepts i s  a l s o  p l o t t e d  
ve r sus  sample weight as t h e  independent parameter.  
Thus, t h e  
The impact of s p e c i a l  weight 
The power r equ i r ed  
The depa r tu re  weight ve r sus  s a m p l e  weight format provides  f o r  d i r e c t  
matching of launch v e h i c l e  c a p a b i l i t i e s  t o  mission requirements.  The com- 
p a r a t i v e  e v a l u a t i o n  of mission/system a l t e r n a t i v e s  based on performance 
cons ide ra t ions  i s  r e l a t i v e l y  s t r a i g h t f o r w a r d  us ing  the d a t a  as presented.  
6.3 PARAMETRIC RESULTS FOR ALL-CHEMICAL MISSION/SYSTEM CONCEPTS 
6.3.1 Single 
Figure  6-1 shows t h e  g ross  Earth d e p a r t u r e  weight r equ i r ed  f o r  s i n g l e  
* 
launch systems based on Conjunction Class missions,  t h e  d i r e c t  r een t ry / r ecove ry  
mode, and 1971 p ropu l s ion  technology. Curves f o r  t h e  t h r e e  Mars e n t r y  modes 
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the  e n t r y - o u t - o f - e l l i p t i c a l  o r b i t  mode, 
10-pound sample r e t u r n  is  approximately 19,700 pounds. 
than a 4000-pound performance margin f o r  t h i s  mission. 
It is  seen  t h a t  t h e  INT-20 v e h i c l e  can perform the  mission us ing  
The s p a c e c r a f t  depa r tu re  weight f o r  a 
The f i g u r e  shows more 
Figure 6-2 gives  similar d a t a  based on 1974 technology p ropu l s ion  systems. 
The curves are g e n e r a l l y  s h i f t e d  down by roughly 2000 pounds, and because h e r e  
w e  are cons ide r ing  t h e  1977 and 1979 Mars o p p o r t u n i t i e s ,  t h e  performance capa- 
b i l i t i e s  of t h e  launch v e h i c l e s  are inc reased  due t o  t h e  lower d e p a r t u r e  energy 
requirements.  
s i n g l e  launch mission us ing  a d i r e c t  e n t r y  a t  Mars w h i l e  t he  INT-20 v e h i c l e  has  
c a p a b i l i t y  f o r  an  entry-out-of-circular-orbi t  a t  Mars. 
weight of t h e  s p a c e c r a f t  f o r  a 10-pound sample using t h e  d i r e c t  e n t r y  mode a t  
Mars i s  only around 14,400 pounds. The d e p a r t u r e  weight pena l ty  f o r  t h e  out- 
o f - e l l i p t i c a l - o r b i t  e n t r y  mode i s  seen  t o  b e  about 2600 pounds f o r  a 10-pound 
sample r e t u r n .  
The Shu t t l e /Cen tau r  is  seen t o  b e  capable  of performing t h e  
The g ross  Earth d e p a r t u r e  
Figure 6-3 g ives  Ea r th  depa r tu re  weight requirements f o r  s i n g l e  launch 
concepts employing the o r b i t  cap tu re  recovery mode a t  Earth.  The Ea r th  c a p t u r e  
impulse requirement f o r  t he  s p a c e c r a f t  is  based on use of t h e  Apollo CSM f o r  
t h e  recovery v e h i c l e .  It i s  seen  t h a t  t h e  INT-20/Centaur v e h i c l e  can perform 
t h i s  mission u s i n g  e i t h e r  t h e  o u t - o f - e l l i p t i c a l - o r b i t  o r  d i r e c t  e n t r y  mode a t  
Mars, 
f o r  t h i s  p a r t i c u l a r  mission approach. The c i r c l e  symbol i n  t h e  f i g u r e  i n d i c a t e s  
a r e p r e s e n t a t i v e  design p o i n t  which w i l l  b e  discussed i n  Sec t ion  V I I I .  
The INT-20 v e h i c l e  without  Centaur does n o t  have adequate c a p a b i l i t y  
S i m i l a r  d a t a  f o r  t h e  above concept based on 1974 p ropu l s ion  technology 
i s  shown i n  F igu re  6-4, Because of t h e  lower d e p a r t u r e  energy requirements f o r  
t h e  later launch o p p o r t u n i t i e s  (1977, 1979),  t h e  INT-20 v e h i c l e  can perform 
t h e  mission i f  d i r e c t  e n t r y  o r  p o s s i b l e  entry-out-of e l l i p t i c a l - o r b i t  a t  Mars 
i s  employed. 
The impact on Earth depa r tu re  weight of v a r i a t i o n  i n  t h e  l a n d e r  s c i e n c e  
and suppor t ing  systems i s  shown i n  Figure 6-5, The b a s e l i n e  l ande r  s c i e n c e  
weight is  100 pounds, A t o t a l  weight v a r i a t i o n  from -100 t o  +200 pounds is 
shown i n  t h e  Figure,  The t o t a l  v a r i a t i o n  i n  depa r tu re  weight over t h i s  range 
is  approximately 800 pounds. 
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S i m i l a r  d a t a  are given i n  Figures  6-6 and 6-7 f o r  v a r i a t i o n s  i n  Mars 
rover  weight and o r b i t e r  systems weight (excluding p ropu l s ion ) ,  r e spec t ive ly .  
The impact of rover  (and suppor t ing  systems) weight on Earth depa r tu re  weight 
i s  e s s e n t i a l l y  the  s a m e  as t h e  l ande r  s c i e n c e  and suppor t ing  systems. I n  
F igure  6-7, i t  is  seen  t h a t  t he  o r b i t e r / b u s  module weight  (weight i n  Mars o r b i t )  
can i n c r e a s e  from t h e  b a s e l i n e  of approximately 1550 pounds t o  around 2400 
pounds and s t i l l  b e  w i t h i n  t h e  INT-20/Centaur c a p a b i l i t y .  
F igure  6-8 shows t h e  r e s u l t s  of a n  a n a l y s i s  of t h e  1975 inbound Venus 
swingby mission us ing  t h e  s i n g l e  launch concept w i th  d i r e c t  Earth r e e n t r y /  
recovery.  
b rak ing  s t a g e  propuls ion.  The gross  Ear th  depa r tu re  weight requirements i n d i c a t e  
t h a t  t h e  INT-20/Centaur v e h i c l e  is  marginal ly  capable  of t h i s  mission i f  space 
s t o r a b l e  propuls ion  is  used i n  the  Mars braking  s t a g e .  The weight pena l ty  
imposed by t h e  use of Ear th  s t o r a b l e s  exceeds t h e  c a p a b i l i t y  of t he  INT-20/ 
Centaur v e h i c l e  by several thousand pounds. The use of space s t o r a b l e  s t a g e s  
f o r  Mars braking  and escape appears  t o  b e  an area f o r  f u r t h e r  s tudy because 
of the  p o t e n t i a l  f o r  reducing t h e  MSSR t o t a l  mission d u r a t i o n  by approximately 
400 days employing t h e  Venus swingby mode. 
Curves are shown f o r  bo th  Ear th  s t o r a b l e  and space s t o r a b l e  Mars 
6.3.2 Earth Orbit Rendezvous Concepts 
The nex t  few f i g u r e s  summarize t h e  r e s u l t s  of paramet r ic  s tudy  of t h e  
Ear th  o r b i t  rendezvous depa r tu re  mode concepts.  F igure  6-9 shows t h e  gross  
Centaur e a r t h  s u r f a c e  launch weight as a func t ion  of  g ross  MSSR s p a c e c r a f t  
weight f o r  t h e  1975 and 1977 conjunct ion  class missions.  The maximum launch 
weight based on t h e  Centaur s t a g e  p r o p e l l a n t  capac i ty  i s  approximately 35,700 
pounds. This  l i m i t s  t h e  g ross  s p a c e c r a f t  weight f o r  the Ear th  o r b i t  rendezvous 
mission t o  approximately 15,500 pounds f o r  t h e  1975 conjunct ion  class mission 
o r  16,800 pounds f o r  t h e  1977 mission. The gross  s p a c e c r a f t  weight i nc ludes  
t h e  necessary Earth o r b i t  rendezvous equipment. 
F igure  6-10 shows t h e  Earth s u r f a c e  launch weight  of t h e  MSSR s p a c e c r a f t  
as a func t ion  of t h e  gross  s p a c e c r a f t  weight  less Ear th  o r b i t  rendezvous equipment. 
Two curves are shown. The top curve g ives  t h e  launch weight  of t h e  s p a c e c r a f t ,  







Centaur-stage i g n i t i o n  f o r  t h e  trans-Mars i n j e c t i o n  maneuver. 
Figure 6-11 g ives  t h e  Ear th  s u r f a c e  launch weight  of  t h e  s p a c e c r a f t  as 
a func t ion  of sample weight  f o r  t h e  t h r e e  p o t e n t i a l  e n t r y  modes a t  Mars. These 
d a t a  are based on t h e  d i r e c t  Ear th  reeqt ry / recovery  mode and 1971 propuls ion  
technology f o r  t h e  s p a c e c r a f t .  The T i t a n  I I I C  v e h i c l e  is  seen  t o  have more 
than  s u f f i c i e n t  c a p a b i l i t y  t o  launch t h e  s p a c e c r a f t  i n t o  low Ear th  o r b i t  (185 
km c i r c u l a r )  f o r  e i t h e r  t h e  o u t - o f - e l l i p t i c a l - o r b i t  o r  d i r e c t  e n t r y  modes a t  
Mars. 
The Ear th  s u r f a c e  launch weight f o r  t h e  Centaur s t a g e  as a f u n c t i o n  of 
sample weight and Mars e n t r y  mode of  t h e  s p a c e c r a f t  is  shown i n  F igu re  6-12. 
The T i t a n  IIIDICentaur  v e h i c l e  i s  seen  n o t  t o  have s u f f i c i e n t  performance 
c a p a b i l i t y  even f o r  t h e  d i r e c t  Mars e n t r y  mode. F u r t h e r  i t  is  seen t h a t  t h e  
p re sen t  Centaur p r o p e l l a n t  capac i ty  of 30,000 pounds l i m i t s  performance capa- 
b i l i t y  below t h e  r equ i r ed  launch weight f o r  t h e  Mars d i r e c t  e n t r y  mode. The 
Space S h u t t l e  v e h i c l e  c a p a b i l i t y  t o  launch t h e  loaded Centaur t o  o r b i t ,  as 
i n d i c a t e d  i n  t h e  F igure ,  would be  more than  adequate  i f  t h e  Centaur p r o p e l l a n t  
c a p a c i t y  were inc reased .  The s h u t t l e  v e h i c l e ,  however, would no t  be  a v a i l a b l e  
u n t i l  t h e  1979 Mars oppor tuni ty .  
F igures  6-13 and 6-14 presen t  similar d a t a  f o r  t h e  Ear th  o r b i t  rendezvous 
concept based on 1974 s p a c e c r a f t  p ropuls ion  technology. F igure  6-13 shows t h a t  
t h e  T i t a n  I I I C  v e h i c l e  aga in  has  more than  adequate  performance f o r  launch of 
t h e  s p a c e c r a f t  t o  o r b i t .  Because of t h e  reduced Ea r th  depa r tu re  energy r equ i r e -  
ments and t h e  improved propuls ion  performance c h a r a c t e r i s t i c s ,  t h e  T i t a n  IIIDI 
Centaur v e h i c l e  becomes adequate  f o r  launch of t h e  Centaur i n j e c t i o n  s t a g e  i n t o  
low Ear th  o r b i t .  A s  F igu re  6-14 i n d i c a t e s ,  t h e  launch could be  made w i t h i n  
t h e  Centaur p r o p e l l a n t  capac i ty .  It i s  seen  t h a t  t h e  miss ion  must be  based on 
t h e  d i r e c t  Mars e n t r y  mode. 
F igure  6-15 shows t h e  g ross  Ear th  depa r tu re  weight  r equ i r ed  f o r  t h e  
l a n d e r l a s c e n t  probe payload as a f u n c t i o n  of sample weight  f o r  t h e  1971 space- 
c r a f t  p ropuls ion  technology base.  The top  curve shows t h e  g ross  depa r tu re  
weight requirement  and t h e  bottom curve g ives  t h e  corresponding probe diameter  
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based on pre l iminary  s i z i n g  a n a l y s i s .  The depa r tu re  weight r equ i r ed  f o r  a 10- 
pound sample r e t u r n  is  approximately 8500 pounds. This  is seen  t o  be  w e l l  w i th in  
t h e  c a p a b i l i t y  of t h e  T i t a n  IIID/Centaur  v e h i c l e  and provides  an  800-pound per- 
formance margin. The probe diameter  is s l i g h t l y  over  14  f e e t .  This  is  near  t h e  
maximum diameter  (14 f e e t )  of t h e  Ti tan /Centaur  bulbous Viking shroud. The 
c i r c l e  symbol i n  t h e  f i g u r e  i n d i c a t e s  the p re l imina ry  des ign  po in t  d i scussed  i n  
Sec t ion  V I I I .  
F igure  6-16 p resen t s  s imilar  d a t a  based on 1974 propuls ion  technology f o r  
t h e  s p a c e c r a f t .  The g ross  Ear th  depa r tu re  weight requirement i s  reduced t o  
approximately 7500 pounds f o r  a 10-pound sample r e t u r n .  The probe diameter  i s  
about  13.2 f e e t .  Because of t h e  reduced Ea r th  d e p a r t u r e  energy f o r  t h e  1977 
and 1979 miss ions ,  t h e  T i t a n  IIID/Centaur  performance c a p a b i l i t y  i s  inc reased  
t o  approximately 10,000 pounds. Thus, a performance margin of about 2,500 
pounds e x i s t s  f o r  a 10-pound sample r e t u r n  mission.  
F igures  6-17 and 6-18 p resen t  t h e  g ross  Ear th  d e p a r t u r e  weight requirements  
f o r  t h e  o r b i t e r / b u s  r e t u r n  v e h i c l e  payload based on t h e  d i r e c t  Ear th  r e e n t r y /  
recovery mode. The d e p a r t u r e  weight r equ i r ed  f o r  a 10-pound sample r e t u r n  i s  
approximately 9000 pounds based on 1971 propuls ion  technology as shown i n  
F igu re  6-17. This  leaves a 300-pound performance margin f o r  t h e  T i t a n  I I I D /  
Centaur v e h i c l e  which has  a depa r tu re  weight  c a p a b i l i t y  of 9300 pounds. The 
c i rc le  symbol i n  t h e  f i g u r e  i n d i c a t e s  t h e  pre l iminary  des ign  po in t  d i scussed  i n  
Sec t ion  V I I I .  F igure  6-18 shows t h a t  t h e  performance margin is  inc reased  t o  2500 
pounds f o r  t h e  later miss ions  us ing  1974 s p a c e c r a f t  p ropuls ion  technology. 
F igu res  6-19 and 6-20 p resen t  t h e  r e s u l t s  of an  a n a l y s i s  of t h e  Ea r th  
cap tu re  i n t e r c e p t / r e c o v e r y  mode. 
and covers  t h e  1975 miss ion  oppor tuni ty .  Three curves  are shown. The top  curve  
shows t h e  d e p a r t u r e  weight r equ i r ed  i f  t h e  o r b i t e r l b u s  v e h i c l e  i s  maneuvered 
i n t o  an e l l i p t i c a l  o r b i t  a t  Ear th  r e t u r n  t o  a l low sample re t r ieva l  by an Apollo 
CSM v e h i c l e .  The depa r tu re  weight r equ i r ed  f o r  a 10-pound sample miss ion  is  
22,000 pounds and is  i n  t h e  INT-20 class performance c a p a b i l i t y  range.  The 
middle  curve assumes t h a t  a sub-module of t h e  r e t u r n  o r b i t e r / b u s  is  sepa ra t ed  
and p ropu l s ive ly  cap tu res  i n t o  t h e  e l l i p t i c a l  o r b i t  f o r  sample re t r ieva l  by 
t h e  CSM. A cons ide rab le  depa r tu re  weight sav ings  i s  achieved wi th  t h i s  system 
F igure  6-19 i s  f o r  t h e  1971 technology b a s e  
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approach a t  t h e  expense of some added s p a c e c r a f t  complexity. The depa r tu re  
weight r equ i r ed  f o r  t h e  10-pound sample mission becomes approximately 11,700 
pounds. 
pounds. 
c i a l l y  i n  t h e  p re sen t  s tudy  groundrules ,  i t  is  of i n t e r e s t  t o  show t h e  v e h i c l e  
c a p a b i l i t y  i n  t h e  f i g u r e .  It is  seen  t h a t  t h i s  v e h i c l e ,  i f  developed, could 
p o t e n t i a l l y  perform a minimum sample r e t u r n  mission us ing  t h e  sub-module system 
approach f o r  e a r t h  capture / recovery .  
repea ted  i n  F igu re  6-19 f o r  comparison t o  t h e  cap tu re  recovery mode requirements .  
This  i s  w e l l  beyond t h e  T i t a n  IIID/Centaur  v e h i c l e  c a p a b i l i t y  of 9300 
Although t h e  T i t a n  I I ID(7) /Centaur  v e h i c l e  w a s  no t  considered o f f i -  
The d i r e c t  reent ry / recovery  curve is  
Data s imi l a r  t o  the  above are presented  i n  F igure  6-20 f o r  t h e  1974 
technology base  and 1977, 1979 mission cases, 
capable of p o t e n t i a l l y  provid ing  Ear th  capture / recovery  c a p a b i l i t y  us ing  t h e  
sub-module cap tu re  approach. The T i t a n  I I ID(7) /Centaur  would have roughly a 
1500-pound performance margin f o r  t h i s  missiop mode as seen  i n  t h e  f i g u r e .  
The T i t a n  IIID/Centaur  becomes 
I t  i s  of i n t e r e s t  t o  determine the  gross  Ear th  depa r tu re  weight  i n c r e a s e  
r equ i r ed  t o  a l low Mars entry-out-of-elliptical-orbit i n  t h e  dua l  depa r tu re  
mission concept.  F igure  6-21 shows t h e  depa r tu re  weight requirement f o r  t h i s  
e n t r y  mode as a func t ion  of sample r e t u r n  weight  us ing  d i r e c t  r een t ry / r ecove ry  
and 1971 s p a c e c r a f t  p ropuls ion  technology. Curves f o r  both Ear th  s t o r a b l e  apd 
space s t o r a b l e  Mars braking  s t a g e s  are shown, 
t h e  Ti tan  IIID/Centaur  v e h i c l e  is  exceeded i n  a l l  cases. A s  a matter of 
i n t e r e s t ,  t h e  T i t a n  IIID(7)/Centaur  v e h i c l e  c a p a b i l i t y  i s  i n d i c a t e d  i n  t h e  
f i g u r e .  This  v e h i c l e  is  seen  t o  have adequate c a p a b i l i t y  t o  permit  cons ide ra t ion  
of t h e  o u t - o f - e l l i p t i c a l - o r b i t  e n t r y  mode. 
t he  1977 and 1979 missions us ing  1974 s p a c e c r a f t  p ropuls ion  technology. The 
The performance c a p a b i l i t y  of 
F igure  6-22 g ives  similar d a t a  f o r  
reduced g ross  Earth depa r tu re  weight requirement is  low enough t o  cons ider  
use of t h e  T i t a n  IIID/Centaur v e h i c l e  i f  space  s t o r a b l e  propuls ion  i s  used f o r  
t h e  Mars braking  s t age .  
The next  t h r e e  f i g u r e s  p re sen t  t h e  r e su l t s  of paramet r ic  ana lyses  t o  
determine t h e  s e n s i t i v i t y  of gross  Earth d e p a r t u r e  weight t o  v a r i a t i o n s  i n  
l ande r  s c i e n c e  weight ,  Mars s u r f a c e  rover  weight,  and i n  t h e  case  of t h e  o r b i t e r /  




v a r i a t i o n  i n  t h e  l ande r  s c i e n c e  and suppor t ing  systems weight on Ea r th  depar- 
t u r e  weight.  Curves are shown f o r  v a r i a t i o n s  of -100 and +200 pounds around 
t h e  b a s e l i n e  system based on t h e  c u r r e n t  Viking s c i e n c e  weight a l l o c a t i o n  of 
100 pounds. 
weight of an a d d i t i o n a l  100 pounds r e s u l t s  i n  an i n c r e a s e  i n  Ea r th  d e p a r t u r e  
weight of approximately 340 pounds. 
w i t h i n  t h e  T i t a n  IIID/Centaur c a p a b i l i t y  of 9300 pounds. 
For a 10-pound sample r e t u r n  mission an i n c r e a s e  over t h e  b a s e l i n e  
The d e p a r t u r e  weight requirement i s  s t i l l  
I n  F igu re  6-24 similar d a t a  are shown f o r  a v a r i a t i o n  i n  Mars r o v e r  weight 
from 0 t o  400 pounds. For a 10-pound sample r e t u r n  mis s ion ,  t h e  performance 
c a p a b i l i t y  e x i s t s  t o  c a r r y  a 400-pound rove r  w i t h i n  t h e  c a p a b i l i t y  of t h e  
T i t a n  IIID/Centaur v e h i c l e .  
formance ana lyses  is  150 pounds. 
The b a s e l i n e  rove r  weight f o r  t h e  parametr ic  per- 
F igu re  6-25 p r e s e n t s  performance s e n s i t i v i t y  d a t a  f o r  v a r i a t i o n s  i n  t h e  
t o t a l  o r b i t e r l b u s  systems module weight.  
V a r i a t i o n s  are shown i n  t h i s  weight from 1400 t o  2200 pounds. A s  s een  i n  t h e  
f i g u r e ,  weight growth i n  t h e  o r b i t e r  subsystems i s  c r i t i c a l  because of t h e  i m -  
p a c t  on g ross  d e p a r t u r e  weight.  For example, a weight growth of roughly 200 
pounds over t h e  b a s e l i n e  would exceed t h e  performance c a p a b i l i t y  of t h e  T i t a n  
IIID/Centaur v e h i c l e  f o r  a 10-pound sample r e t u r n  mission. Thus, cons ide rab le  
emphasis i n  a Phase A s tudy  of t h e  al l -chemical  d u a l  d e p a r t u r e  concept should 
b e  placed on a n a l y s i s  of t h e  o r b i t e r  subsystem weights .  
The b a s e l i n e  system weighs 1545 pounds. 
A more c r i t i c a l  weight i s  t h e  weight of t h e  o r b i t e r / b u s  r e t u r n  v e h i c l e  sub- 
systems module a f t e r  t h e  excess  equipment (no t  needed f o r  r e t u r n )  is  j e t t i s o n e d  
i n  Mars o r b i t .  (See Sec t ion  V I I I ,  pages 8-15 and 8-16.) Figure 6-26 shows t h e  
s e n s i t i v i t y  of e a r t h  d e p a r t u r e  weight t o  a v a r i a t i o n  i n  t h e  r e t u r n  o r b i t e r l b u s  
system module weight from 600 t o  900 pounds. The b a s e l i n e  weight i n  t h e  p re sen t  
s tudy  i s  730 pounds (excluding t h e  Ea r th  r e e n t r y  capsu le )  as i n d i c a t e d  i n  t h e  
f i g u r e .  Roughly a 10-percent growth i n  t h e  r e t u r n  module weight over t h e  base- 
l i n e  of 730 pounds would increase t h e  d e p a r t u r e  weight requirement t o  exceed 
t h e  T i t a n  IIID/Centaur c a p a b i l i t y .  
cont ingencies;  however, F igu re  6-26 p o i n t s  ou t  t h e  c r i t i c a l i t y  and need of a 
v e r y  c l o s e  a n a l y s i s  of t h e  r e t u r n  o r b i t e r l b u s  module weight i n  a Phase A s tudy  
of t h e  d u a l  d e p a r t u r e  concept.  











6.3.4 Summary of Parametric Performance Results for All-Chemical Concepts 
The r e s u l t s  of t h e  parametric performance a n a l y s i s  of a l l -chemical  mission/  
system a l t e r n a t i v e  approaches may be summarized as fo l lows  based on a r equ i r e -  
ment of r e t u r n i n g  a minimum sample weight of 10 pounds. 
6.3.4.1 S i n g l e  Launch Concept 
The INT-20 v e h i c l e  can perform a conjunct ion class,  d i r e c t  r e e n t r y /  
recovery mission employing Mars e n t r y  ou t  of o r b i t  and 1971 s p a c e c r a f t  
p ropu l s ion  technology. 
The INT-20 can marginal ly  perform a conjunct ion class, o r b i t a l  c a p t u r e /  
recovery mission using 1974 technology and employing c a p t u r e  of t h e  
complete Ea r th  r e t u r n  s p a c e c r a f t .  An approach based on c a p t u r e  of only 
a sub-module of t h e  r e t u r n  s p a c e c r a f t  could be used t o  i n c r e a s e  t h e  
performance margin. 
e The INT-20/Centaur v e h i c l e  can perform a conjunct ion class, o r b i t a l  
capture/recovery mission wi th  Mars e n t r y  out  of e l l i p t i c a l  o r b i t  u s ing  
1971 technology. 
A 1975 Venus swingby, d i r e c t  r een t ry / r ecove ry  mission appears  t o  be 
p o s s i b l e  us ing  the  INT-20/Centaur v e h i c l e  i f  space s t o r a b l e  p ropu l s ion  
i s  used i n  t h e  Mars braking s t a g e .  
e 
6.3.4.2 Dual Departure Concept 
e It appears  t h a t  two T i t a n  IIID/Centaur v e h i c l e s  can perform a conjunc- 
t i o n  c l a s s ,  d i r e c t  r een t ry / r ecove ry  mission employing d i r e c t  Mars e n t r y  
and 1971 technology. 
The l ande r / a scen t  probe diameter f o r  a 10-pound sample r e t u r n  is  near  
t h e  c u r r e n t  Viking bulbous shroud diameter  of 14 f e e t .  ( I t  is be l i eved  
t h a t  s i z i n g  can be reduced by a d e t a i l e d  f u r t h e r  a n a l y s i s  of t h e  e n t r y /  
descen t / l and ing  system f o r  d i r e c t  e n t r y  us ing  l i f t . )  
It appears  p o s s i b l e  t o  achieve t h e  Earth capture/recovery mode w i t h i n  
t h e  c a p a b i l i t y  of a T i t a n  IIID(7)/Centaur  us ing  1971 technology only 
i f  a sub-module of t h e  r e t u r n  s p a c e c r a f t  i s  captured i n t o  Ea r th  o r b i t .  
It appears  p o s s i b l e  t o  achieve a capture/recovery mission i n  t h e  l a t e  
1970's  (1977, 1979 missions)  using t h e  T i t a n  IIID/Centaur and t h e  sub- 
module e a r t h  c a p t u r e  approach. 
e 
6 e 3 a 4 3 Ear th  O r b i t  Rendezvous Concept 
The conjunct ion class, d i r e c t  r een t ry / r ecove ry  mission wi th  d i r e c t  Mars 
e n t r y  appears  t o  b e  marginal ly  p o s s i b l e  us ing  T i t a n  v e h i c l e s  and a 
Centaur t r a n s p l a n e t a r y  i n j e c t i o n  s t a g e .  
The Space S h u t t l e ,  a f t e r  i t  becomes a v a i l a b l e  (1979 mis s ion ) ,  could be 
used t o  t r a n s p o r t  e i t h e r  o r  both t h e  s p a c e c r a f t  and loaded Centaur 




6.4 PARAMETRIC RESULTS FOR SOLAR ELECTRIC/CHEMICAL CONCEPTS 
The fol lowing t h r e e  subsec t ions  p re sen t  t h e  r e s u l t s  of parametr ic  pe r fo r -  
mance ana lyses  of t h e  s o l a r - e l e c t r i c / c h e m i c a l  mission approaches of i n t e r e s t .  
Recall t h a t  t h e  performance d i f f e r e n c e s  between t h e  al l -chemical  and s o l a r  
e l e c t r i c / c h e m i c a l  systems are r e f l e c t e d  through t h e  o r b i t e r / b u s  v e h i c l e  only.  
The l ande r / a scen t  v e h i c l e s  are e s s e n t i a l l y  i d e n t i c a l  between corresponding 
approaches. 
Primary i n t e r e s t  i n  t h e  p re sen t  s tudy w a s  i n  t h e  near-term (1971) s o l a r  
e lec t r ic  technology base r e f l e c t e d  p r i n c i p a l l y  by a 58 lb/kw (26.3 kg/kw) 
e f f e c t i v e  powerplant s p e c i f i c  weight and 306-second s p e c i f i c  impulse e a r t h  
s t o r a b l e  chemical propuls ion systems. The parametr ic  d a t a  f o r  t h e s e  systems 
w i l l  be presented and discussed.  
technology base  w i l l  b e  included f o r  r e f e r e n c e  a t  t h e  end of t h e  s e c t i o n .  
These d a t a  are based on a powerplant s p e c i f i c  weight of 49 lb/kw (22.2 kg/kw) 
and 320-second s p e c i f i c  impulse chemical p ropu l s ion  systems f o r  major planeto-  
c e n t r i c  maneuvers. 
S imi l a r  d a t a  f o r  a p r o j e c t e d  l a t e  1970's 
6.4.1 Single Launch Concepts 
Figures  6-27 and 6-28 p resen t  g ross  Ea r th  d e p a r t u r e  weight requirements 
f o r  a s i n g l e  launch concept using t h e  d i r e c t  Mars e n t r y  mode. F igu re  6-27 i s  
f o r  t h e  d i r e c t  r een t ry / r ecove ry  mode a t  Ea r th  r e t u r n .  The T i t a n  IIID/Centaur 
v e h i c l e  c a p a b i l i t y  i s  seen n o t  t o  b e  adequate f o r  t h i s  mission.  The g ross  
d e p a r t u r e  weight r equ i r ed  f o r  a 10-pound sample r e t u r n  ranges from 15,200 pounds 
t o  about 16,100 pounds depending on t h e  Mars escape mode employed. Data are 
shown f o r  both escape modes. It is  i n d i c a t e d  i n  t h e  f i g u r e  t h a t  t h e  T i t a n  
I I I ( 7 ) / C e n t a u r  v e h i c l e ,  i f  developed, could marg ina l ly  perform t h e  mission 
u s i n g  t h e  SEP s p i r a l - o u t  escape mode. 
F igu re  6-28 p r e s e n t s  s imilar  d a t a  f o r  t h e  Ea r th  o r b i t a l  cap tu re / r ecove ry  
mode. 
from 18,300 pounds t o  approximately 22,600 pounds depending on t h e  Mars escape 
mode. Among t h e  launch v e h i c l e s  under c o n s i d e r a t i o n ,  t h e  INT-20 would be 
r e q u i r e d  f o r  Ea r th  launch. 




The power r e q u i r e d  a t  1 AU f o r  t h e  d i r e c t  r een t ry / r ecove ry  mission concepts 
i s  given i n  F i g u r e  6-29. 
cap tu re / r ecove ry  mode. 
24.7 kw up t o  36.6 kw depending on mission mode combination (10-pound sample). 
S imi l a r  d a t a  are given i n  F i g u r e  6-30 f o r  t h e  o r b i t a l  
The power l e v e l  r e q u i r e d  f o r  t h e  mission ranges from 
F igure  6-31 g ives  g ross  depa r tu re  weight requirements f o r  s i n g l e  launch 
missions employing en t ry -ou t -o f -e l l i p t i ca l -o rb i t  a t  Mars. 
t h e  two Earth i n t e r c e p t / r e c o v e r y  modes and t h e  two Mars escape modes. 
g ros s  d e p a r t u r e  weight f o r  a 10-pound sample r e t u r n  ranges from 16,700 pounds 
t o  24,600 pounds depending on mission mode combination. Again, t h e  INT-20 
v e h i c l e  c a p a b i l i t y  would b e  r e q u i r e d  f o r  Ea r th  depa r tu re .  
ment a t  1 AU f o r  t h e s e  mission concepts is p resen ted  i n  F igu re  6-32. For a 
10-pound sample r e t u r n ,  t h e  requirement i s  seen t o  range from 26.9 k i l o w a t t s  
t o  39.4 k i l o w a t t s  depending on mission mode combination. 
Data are shown f o r  
The 
The power r equ i r e -  
Data analogous t o  t h a t  p re sen ted  i n  F igu res  6-31 and 6-32 are given i n  
F igu res  6-33 and 6-34 f o r  s i n g l e  launch missions using Mars e n t r y  ou t  of c i r c u -  
l a r  o r b i t .  The depa r tu re  weight requirement f o r  a 10-pound sample r e t u r n  i s  
seen  t o  va ry  from approximately 23,400 pounds t o  31,700 pounds and i s  w i t h i n  
t h e  INT-20 v e h i c l e  c a p a b i l i t y .  The corresponding power levels r equ i r ed  a t  1 AU 
range from 37.6 k i l o w a t t s  t o  50.7 k i l o w a t t s  depending on mission mode combina- 
t i o n .  
6.4.2 Earth Orbit Rendezvous Concept 
Parametric d a t a  f o r  t h e  s o l a r - e l e c t r i c / c h e m i c a l  Ea r th  o r b i t  rendezvous 
mission concept are given i n  F igu re  6-35. The curves are based on Ea r th  
o r b i t a l  cap tu re / r ecove ry ,  d i r e c t  Mars e n t r y ,  and t h e  s p i r a l - o u t  Mars escape 
mode, The r e s u l t s  show t h a t  t h e  T i t a n  I I I D  v e h i c l e  has  more than  adequate 
c a p a b i l i t y  f o r  launch of t h e  MSSR s p a c e c r a f t  i n t o  low Ear th  o r b i t .  The t o p  
curve shows t h e  Earth s u r f a c e  launch weight of t h e  Centaur o r b i t a l  i n j e c t i o n  
s t a g e .  It i s  seen  t h a t  t h e  T i t a n  IIID/Centaur v e h i c l e  has adequate c a p a b i l i t y  
f o r  launch of t h e  s t a g e  t o  low Ear th  o r b i t .  The dashed h o r i z o n t a l  l i n e  i n  t h e  
f i g u r e  i n d i c a t e s  t he  Centaur p r o p e l l a n t  c a p a c i t y  as i t  would l i m i t  t h e  s i z e  
s p a c e c r a f t  t h a t  could be i n j e c t e d  onto t h e  t r a n s p l a n e t a r y  escape t r a j e c t o r y .  
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6.4.3 Multiple Interplanetary Launch Concepts 
Figures  6-36 and 6-37 presen t  g ross  Ea r th  d e p a r t u r e  weight requirements 
f o r  t h e  dual-launch s o l a r - e l e c t r i c / c h e m i c a l  o r b i t e r / b u s  system. 
f o r  t h e  d i r e c t  r een t ry / r ecove ry  mode a t  Ea r th .  Curves are shown f o r  both t h e  
SEP s p i r a l - o u t  and chemical Mars escape modes. The d e p a r t u r e  weight r equ i r ed  
f o r  a 10-pound sample r e t u r n  ranges from approximately 5600 pounds t o  7600 
pounds depending on Mars escape mode. This  requirement exceeds t h e  c a p a b i l i t y  
of t h e  T i t an  I I I C  v e h i c l e ,  bu t  i s  w e l l  w i t h i n  t h e  T i t a n  IIID/Centanr c a p a b i l i t y .  
S i m i l a r  d a t a  f o r  t h e  Ea r th  o r b i t a l  capture/recovery mode are shown i n  F igu re  
6-37. The d e p a r t u r e  weight r equ i r ed  f o r  a 10-pound sample r e t u r n  ranges from 
approximately 9300 pounds t o  14000 pounds depending on Mars escape mode. The 
T i t a n  IIID/Centaur v e h i c l e  i s  seen t o  be more than  adequate  f o r  t h e  mission i f  
t h e  SEP s p i r a l - o u t  escape mode is used a t  Mars. The launch v e h i c l e  performance 
margin f o r  a 10-pound sample r e t u r n  us ing  t h e  T i t a n  IIID/Centaur v e h i c l e  is  
approximately 2400 pounds. 
p re l imina ry  des ign  p o i n t  d i scussed  i n  Sec t ion  V I I I .  
F igu re  6-36 is  
The c i rc le  symbol i n  t h e  f i g u r e  i n d i c a t e s  t h e  
It i s  of i n t e r e s t  t o  cons ide r  t h e  e f f e c t  of s o l a r  a r r a y  s p e c i f i c  weight on 
Ea r th  depa r tu re  weight requirements.  
o r b i t a l  cap tu re / r ecove ry  mission using s p i r a l - o u t  Mars escape,  showing t h e  
impact of a v a r i a t i o n  i n  s o l a r  a r r a y  s p e c i f i c  weight from 33 pounds p e r  k i l o -  
w a t t  t o  50 pounds per  k i l o w a t t .  The 33 pounds pe r  k i l o w a t t  f i g u r e  is  cha rac t e r -  
i s t i c  of c u r r e n t l y  p r e d i c t e d  s p e c i f i c  weights  of r o l l - Q u t  a r r a y s  under develop- 
ment. The 50-pound p e r  k i l o w a t t  f i g u r e  is  r e p r e s e n t a t i v e  of p r e d i c t e d  s p e c i f i c  
weights of t h e  fold-out type of a r r a y  c u r r e n t l y  under development. The i n c r e a s e  
i n  Ea r th  d e p a r t u r e  weight of t h e  s p a c e c r a f t  going from t h e  33 pound p e r  k i l o w a t t  
t o  t h e  50 pound pe r  k i l o w a t t  a r r a y s  i s  roughly 1200 pounds. The d e p a r t u r e  
weight is  s t i l l  w e l l  w i t h i n  t h e  Ti tan  IIID/Centaur v e h i c l e  c a p a b i l i t y .  
F igu re  6-38 p r e s e n t s  d a t a  f o r  t h e  Ea r th  
F igu re  6-39 shows the  power r equ i r ed  a t  1 AU f o r  t h e  d u a l  launch s o l a r -  
e l e c t r i c  o r b i t e r / b u s  as a f u n c t i o n  of t h e  Ea r th  i n t e r c e p t / r e c o v e r y  and Mars 
escape mode combination. The power a t  1 AU f o r  a 10-pound sample r e t u r n  mission 
i s  seen t o  range from 9.2 kw t o  22.6 kw depending on mission mode combination. 
The c i r c l e  symbol i n  t h e  f i g u r e  i n d i c a t e s  t h e  p re l imina ry  des ign  p o i n t  d i scussed  
i n  Sect ion V I I I .  
i 
i 
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A parametr ic  a n a l y s i s  w a s  performed t o  determine t h e  e f f e c t  of Mars o r b i t  
a l t i t u d e  on g ross  e a r t h  d e p a r t u r e  weight and power r e q u i r e d  f o r  t h e  o r b i t e r /  
bus v e h i c l e .  F igu res  6-40 and 6-41 p resen t  t h e  r e s u l t s .  The e f f e c t  on e a r t h  
depa r tu re  weight i s  shown i n  F igu re  6-40. 
t h e  s l o p e s  of t h e  curves i n d i c a t e  roughly a 120-pound i n c r e a s e  i n  e a r t h  d e p a r t u r e  
weight p e r  100-km dec rease  i n  Mars o r b i t  a l t i t u d e .  F i g u r e  6-41 shows t h e  cor- 
responding impact of o r b i t  a l t i t u d e  on t h e  o r b i t e r l b u s  power r equ i r ed  a t  1 AU. 
The s l o p e s  of t h e  curves i n d i c a t e  an i n c r e a s e  i n  power requirement of t h e  o rde r  
of 160 watts pe r  100-km dec rease  i n  Mars o r b i t  a l t i t u d e .  A s  a matter of i n t e r -  
est ,  t h e  impact of o r b i t  a l t i t u d e  on t i m e  r equ i r ed  f o r  s p i r a l - o u t  escape is  
r e l a t i v e l y  s m a l l .  
t i m e  w a s  found t o  b e  of t h e  o rde r  of a week over an a l t i t u d e  range from 600 t o  
For a given sample r e t u r n  weight,  
For a given sample r e t u r n  weight,  t h e  v a r i a t i o n  i n  escape 
1200 k i lome te r s .  
and 10-pound sample r e t u r n  is  approximately 148 days.  
The escape t i m e  f o r  t h e  b a s e l i n e  case f o r  a 1000-km o r b i t  
6.4.4 Summary of Parametric Results for Solar/Electric Concepts 
The r e s u l t s  of t h e  parametr ic  performance a n a l y s i s  of s o l a r - e l e c t r i c /  
chemical mission system a l t e r n a t i v e s  are summarized as follows based on a 





S i n g l e  Launch Concept 
The T i t a n  IIID/Centaur v e h i c l e  does no t  have adequate  c a p a b i l i t y  f o r  
a s i n g l e  launch s o l a r - e l e c t r i c / c h e m i c a l  MSSR mission. 
Low-energy, o r b i t a l  cap tu re / r ecove ry  missions us ing  d i r e c t  Mars e n t r y  
are p o s s i b l e  wi th  t h e  INT-20 v e h i c l e  c a p a b i l i t y .  
performance margin e x i s t s  r e g a r d l e s s  of Mars escape mode. 
The power requirement a t  1 AU f o r  t h e  above missions ranges from 
approximately 31 kw t o  37 kw depending on Mars escape mode. 
The above mission w i t h  Mars e n t r y  ou t  of c i r c u l a r  o r b i t  is  p o s s i b l e  
wi th  t h e  INT-20 v e h i c l e  r e g a r d l e s s  of Mars escape mode. The power 
r e q u i r e d  a t  1 AU ranges from approximately 44 kw t o  51 kw f o r  a 
10-pound sample r e t u r n  depending on Mars escape mode. 
A cons ide rab le  
Ea r th  O r b i t  Rendezvous Concept 
Low-energy, o r b i t a l  capture/recovery missions us ing  d i r e c t  Mars e n t r y  
and s p i r a l - o u t  Mars escape are p o s s i b l e  us ing  T i t a n  IIID/Centaur f o r  
launch-to-orbi t  of t h e  Centaur i n j e c t i o n  s t a g e  and t h e  T i t a n  I I I C  o r  
T i t a n  I I I D  v e h i c l e  f o r  launch of t h e  s p a c e c r a f t  t o  o r b i t .  
6-15 
TR-842 
t i  U NTSV I LL E 
Approximately 3 1  kw of power are r equ i r ed  a t  1 AU f o r  a 10-pound 
sample r e t u r n  mission.  
6.4.4.3 Dual Departure Concept 
e A low-energy, o r b i t a l  cap ture / recovery  mission us ing  d i r e c t  e n t r y  a t  
Mars and sp i r a l -ou t  Mars escape 
Centaur v e h i c l e s .  
i s  p o s s i b l e  us ing  two T i t a n  IIID/ 
c) The power requirement a t  1 AU is  approximately 15 .3  kw f o r  a 10-pound 
sample r e t u r n  system. 
A d i r e c t  reent ry / recovery  mission i s  p o s s i b l e  us ing  chemical Mars 
escape. The power r equ i r ed  a t  1 AU i s  approximately 12.5 kw. 
e 
6.4.5 Reference Parametric Data for Advanced Technology Base 
For r e fe rence  purposes ,  F igures  6-42 through 6-49 g ive  r e p r e s e n t a t i v e  
paramet r ic  performance d a t a  based on advanced SEP technology p ro jec t ed  f o r  
p o t e n t i a l  miss ions  i n  t h e  l a te  1 9 7 0 ' s .  The d a t a  cases  and format  are similar 
t o  t h e  d a t a  which have been presented  i n  t h e  preceding subsec t ions .  
may be used t o  roughly estimate t h e  p o t e n t i a l  decreases  i n  e a r t h  depa r tu re  
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Figure 6-4 e SINGLE LAUNCH CONCEPT PERFORMANCE (CAPTURE RECOVERY; 
1974 TECHNOLOGY) 
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Figure 6-8. SINGLE LAUNCH CONCEPT FOR 1975 INBOUND VENUS SWINGBY 
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e CONJUNCTION CLASS MISSION 
e DIRECT EARTH REENTRY/RECOVERY 
e 1975, 1977, AND 1979 OPPORTUNITIES 
ALL-CHEMICAL PROPULSION 
1971 TECHNOLOGY 






























CONJUNCTION CLASS M I S S I O N  
0 ALL-CHEMICAL PROPULSION 
0 DIRECT EARTH REENTRY/RECOVERY 
@ 1977 and 1979 OPPORTUNITIES 
0 1974 TECHNOLOGY 
10.2 
0 10 20 30 . 40 50 60 
MARS SURFACE SAMPLE RETURN ( L B )  




CONJUNCTION CLASS MISSIONS 
A L L  - CH EM I CAL PROPUL S I ON 
1975, 1977, AND 1979 OPPORTUNITIES 
1971 TECHNOLOGY 
I I I I I 
0 10 20 30 40 50 60 
MARS SURFACE SAMPLE RETURN ( I b )  
i 
- .- ___ - __ - __ __ 
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F i g u r e  6-28. SINGLE LAUNCH SOLAR-ELECTRIC CONCEPT PERFORMANCE FOR 
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Figure 6-29. SINGLE LAUNCH SOLAR-ELECTRIC CONCEPT - POWER REQUIRED 
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Figure 6-30, SINGLE LAUNCH SOLAR-ELECTRIC CONCEPT - POWER REQUIRED AT 
1 AU (DIRECT MARS ENTRY, ORBITAL CAPTURE/RECOVERY) 
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F i g u r e  6-31 e SINGLE LAUNCH SOLAR-ELECTRIC CONCEPT PERFORMANCE FOR MARS 
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Figure 6-33. SINGLE LAUNCH SOLAR-ELECTRIC CONCEPT PERFORMANCE 
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Figure 6-35. EARTH ORBIT RENDEZVOUS CONCEPT PERFORMANCE FOR 





































e 58 LB/KW POWERPLANT S P E C I F I C  WEIGHT 
o MARS ESCAPE MODE: 
O 306-SEC CHEMICAL S P E C I F I C  IMPULSE 
SEP SPIRAL-OUT - - -  CHEMICAL IMPULSE 
0 10 20 30 40 50 60 
SAMPLE WEIGHT ( 1 b )  
F i g u r e  6-36. DUAL LAUNCH SOLAR-ELECTRIC ORBITER/BUS PERFORMANCE 
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F i g u r e  6-37. DUAL LAUNCH SOLAR-ELECTRIC ORBITER/BUS PERFORMANCE 
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F i g u r e  6-40. EFFECT OF MARS ORBIT ALTITUDE ON PERFORMANCE OF DUAL 








DIRECT MARS ENTRY 
SEP SPIRAL-OUT MARS ESCAPE 
EARTH ORBITAL CAPTURE/RECOVERY 
58 LB/KW POWERPLANT S P E C I F I C  WEIGHT 
306-SEC CHEMICAL S P E C I F I C  IMPULSE 
600 
SAMPLt WEIGHT 





-DESIGN POINT- 10 
0 
800 1000 
MARS ORBIT ALTITUDE (km) 
1200 
F i g u r e  6-41, EFFECT OF MARS ORBIT ALTITUDE ON POWER REQUIRED AT 1 AU FOR 
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Figure 6-43, SINGLE LAUNCH SOLAR-ELECTRIC CONCEPT POWER REQUIRED AT ONE 
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Figure 6-45. SINGLE LAUNCH SOLAR-ELECTRIC CONCEPT - POWER REQUIRED AT ONE AU 
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F i g u r e  6-47, SINGLE LAUNCH SOLAR-ELECTRIC CONCEPT POWER REQUIRED 
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I O ~ / S ~ S ~ E M  APPROACHES 
7. I1 CRITERIA 
On t h e  b a s i s  of t h e  mission/system d e f i n i t i o n s  presented  i n  Sec t ions  11 
through V and t h e  paramet r ic  performance a n a l y s i s  i n  Sec t ion  V I ,  a comparat ive 
eva lua t ion  was performed t o  select  t h e  more promising concepts  f o r  pre l iminary  
po in t  des ign  a n a l y s i s .  The c r i t e r i a  used i n  t h e  eva lua t ion  were as  fo l lows:  
Assume a Minimum Sample Return Mission. It w a s  assqmed f o r  purposes  
of comparative eva lua t ion  t h a t  a sample weight of 1 0  pounds i s  
r e p r e s e n t a t i v e  of a minimum mission.  This  assumption is  based on t h e  
a n a l y s i s  of sample r e t u r n  requi rements  documented i n  r e fe rence  2 .  By 
r e q u i r i n g  t h a t  a l l  system a l t e r n a t i v e s  perform t h e  10-pound r e t u r n  
miss ion ,  t h e  sample r e t u r n  performance requirement was f ixed  and sample 
r e t u r n  c a p a b i l i t y  dropped ou t  of cons ide ra t ion  as  a parameter f o r  
comparison except  as  i t  r e f l e c t s  growth p o t e n t i a l  o f  t h e  system. 
Q Ear th  Launch Vehic le  A v a i l a b i l i t y .  Matching a v a i l a b l e  launch v e h i c l e  
c a p a b i l i t i e s  t o  g ross  e a r t h  depa r tu re  weight requirements  provides  a 
s t ra ight - forward  c r i t e r i o n  f o r  s e l e c t i o n  of cand ida te  mission/system 
a l t e r n a t i v e s  f o r  f u r t h e r  cons ide ra t ion .  
Minimum Program Cost i s  Desired.  An under ly ing  o b j e c t i v e  of  t h e  p r e s e n t  
s tudy  has  been t o  i d e n t i f y  and d e f i n e  p o t e n t i a l  low c o s t  approaches t o  
t h e  MSSR mission.  A reasonably  v a l i d  measure of program c o s t  i s  t h e  
s i z e  o r  weight of t h e  s p a c e c r a f t  systems r equ i r ed  s i n c e  t h e  essent ia l  
hardware elements  of  t h e  v a r i o u s  system approaches have s imilar  func t iona l  
requirements .  I n  a d d i t i o n  t o  system weight ,  t h e  c o s t  of t h e  s o l a r -  
e l e c t r i c / c h e m i c a l  concepts  i s  s i g n i f i c a n t l y  impacted by t h e  s o l a r  a r r a y  
power r e q u i r e d .  Thus, minimum c o s t  mission/system approaches w i l l  tend 
t o  be t hose  which r e q u i r e  minimum gross  Ea r th  depa r tu re  weight  and power 
i n  t h e  case of s o l a r - e l e c t r i c / c h e m i c a l  concepts .  
Require  a Low Back Contamination Risk.  A low back contaminat ion r i s k  
a t  Ea r th  r e t u r n  must be  provided by t h e  MSSR missionlsystem approach. 
It i s  not  clear a t  t h e  t i m e  of t h i s  s tudy  what t h e  a c t u a l  back 
contaminat ion r i s k s  are f o r  t h e  two Ear th  in t e rcep t / r ecove ry  modes 
( d i r e c t  r e e n t r y  and capture / recovery)  under cons ide ra t ion .  However, i t  
i s  reasonable  t o  assume t h a t  t h e  Ear th  capture / recovery  mode i s  more 
d e s i r a b l e  u n t i l  in-depth s t u d i e s  have proven o therwise .  
Growth P o t e n t i a l  i s  Des i r ab le .  A secondary c o n s i d e r a t i o n  i n  t h e  compara- 
t i v e  e v a l u a t i o n  w a s  t h e  performance growth p o t e n t i a l  a v a i l a b l e  i n  t h e  
given mission/system a l t e r n a t i v e  approaches.  This  can be measured by 
the  performance margin a v a i l a b l e  between t h e  Earth launch v e h i c l e  mission 
c a p a b i l i t y  and t h e  r equ i r ed  g ross  Ear th  d e p a r t u r e  weight of t h e  space- 
c r a f t  . 
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7.2 COMPARISO 
Because of p a r t i c u l a r  i n t e r e s t  i n  t h e  1975 mission p o s s i b i l i t i e s  in  t h e  
present  s tudy ,  t h e  1971 technology base mission/system a l t e r n a t i v e s  were used 
f o r  t h e  comparative eva lua t ion .  F igure  7-1 p r e s e n t s  a mat r ix  of t he  a l t e r n a t i v e s  
i n  terms of t h e  Earth launch vehic le /miss ion  concept combinations and two o r b i t e r /  
bus s p a c e c r a f t  p ropuls ion  approaches under cons ide ra t ion  (al l -chemical  and s o l a r -  
e l e c t r i c / c h e m i c a l ) .  The elements of t h e  ma t r ix  show: (1) t h e  gross  Ear th  depar- 
t u r e  weight requirement  f o r  a 10-pound sample r e t u r n  system; ( 2 )  t h e  Earth launch 
v e h i c l e  c a p a b i l i t y  f o r  t h e  1975 mission oppor tuni ty ;  (3 )  t h e  Earth i n t e r c e p t /  
recovery mode a v a i l a b l e  assuming cap tu re  of t h e  r e t u r n  o r b i t e r / b u s  v e h i c l e  i n t o  
o r b i t  f o r  r e t r i e v a l  of t h e  samples by an orbi t - launched Apollo CSM; and ( 4 )  t h e  
power r equ i r ed  a t  1 AU f o r  so l a r - e l ec t r i c l chemica l  concepts .  
Appl ica t ion  of t h e  cr i ter ia  which have been d iscussed  t o  a comparative 
eva lua t ion  of t h e  a v a i l a b l e  a l t e r n a t i v e s  l e a d  t o  t h e  fol lowing conclusions:  
The dua l  depa r tu re ,  a l l -chemical  concept us ing  two T i t a n  IIID/Centaur 
v e h i c l e s  o f f e r s  p o t e n t i a l l y  t h e  lowest c o s t  ( inc luding  cons ide ra t ion  of 
launch v e h i c l e s )  approach bu t  depends on t h e  d i r e c t  r een t ry / r ecove ry  
mode. 
e I f  Ear th  capture / recovery  i s  r equ i r ed  o r  groundruled i n t o  t h e  mission,  
then two promising a l t e r n a t i v e s  appear  t o  be: 
A Dual depa r tu re ,  so l a r - e l ec t r i c / chemica l  concept using two T i t a n  I I I D /  
Centaur v e h i c l e s .  This  concept  o f f e r s  good growth p o t e n t i a l  and 
r e q u i r e s  a reasonable  power level  of approximately 15 kw at  1 AU. 
S ing le  launch,  a l l -chemica l  concept u s ing  t h e  INT-20/Centaur v e h i c l e .  
This  i s  t h e  only  al l -chemical  approach considered which o f f e r s  t h e  
Ear th  capture / recovery  mode. I f  t h e  sub-module cap tu re  approach* 
desc r ibed  i n  Sec t ion  V I  can be  mechanized, t h e  INT-20 o r  poss ib ly  
t h e  T i t a n  IIID(7)/Centaur  v e h i c l e  ( i f  developed) could b e  used i n  
t h i s  concept.  
-I; 
Based on t h e  above eva lua t ion ,  t h e  t h r e e  mission/system a l t e r n a t i v e  concepts  
s e l e c t e d  f o r  pre l iminary  p o i n t  des ign  a n a l y s i s  were as fol lows:  
e Dual Departure ,  All-Chemical System launched by two T i t an  IIID/Centaur 
v e h i c l e s .  
Dual Departure 
IIID/Centaur v e h i c l e s .  
S ing le  Launch, All-Chemical System launched by the  INT-20/Centaur v e h i c l e  
Solar-Electr ic /Chemical  Sys tem launched by two T i t a n '  
o 




*In t h i s  system approach, a sub-module of the retwln orbiter/bus spacecraft i s  
separated during Earth approach f o r  capture in to  orb i t .  
reduces the weight of the propulsion system required for capture. 
This s igni f icant ly  
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This  s e c t i o n  c o n t a i n s  t h e  r e s u l t s  of pre l iminary  po in t  des ign  ana lyses  
f o r  t h e  t h r e e  most promising candida te  mission/system concept a l t e r n a t i v e s  
i d e n t i f i e d  i n  Sec t ion  V I I .  
A miss ion  p r o f i l e  summary, b r i e f  system d e s c r i p t i o n ,  weights  summary, pre- 
l imina ry  program schedule ,  p re l imina ry  c o s t s  estimate, and i d e n t i f i c a t i o n  of 
suppor t ing  technology requirements  are g iven  f o r  each s e l e c t e d  concept .  For 
purposes of po in t  des ign  summaries, a l l  systems are based on t h e  1975 miss ion  
oppor tuni ty  and 1971 technology base.  
Throughout t h i s  s e c t i o n ,  r epor t ed  weights  have been rounded o f f  t o  t h e  
n e a r e s t  pound. I n  many i n s t a n c e s  t h i s  imp l i e s  a g r e a t e r  l eve l  of accuracy than  
is  j u s t i f i e d  by t h e  level of d e t a i l  accomplished dur ing  t h e  s tudy.  This  ap- 
proach w a s  t aken ,  however, i n  o r d e r  t o  be  c o n s i s t e n t  wi th  t h e  computed weights  
generated by t h e  system performance computer programs. 
8.11 DUAL DEPARTURE ALL-CHEMfCAL CONCEPT 
This  system concept r e q u i r e s  g ross  Ea r th  d e p a r t u r e  weights  of approximately 
8500 and 9000 pounds f o r  t h e  l ande r / a scen t  probe and o r b i t e r l b u s  payloads,  re- 
s p e c t i v e l y ,  based on 1971 technology. These performance requirements  can be 
m e t  by two T i t a n  I11 D/Centaur launch v e h i c l e s ,  each of which has  a c a p a b i l i t y  
of 9300 pounds f o r  t h e  1975 launch oppor tuni ty .  
8.9.1 Mission Profile 
The p re l imina ry  miss ion  p r o f i l e  developed f o r  t h e  dua l  depa r tu re  a l l -  
chemical concept i s  summarized i n  F igures  8-1 and 8-2. Figure 8-1 i l l u s t r a t e s  
t h e  l a n d e r l a s c e n t  probe p r o f i l e .  
p r o f i l e .  An a n a l y s i s  t o  e s t a b l i s h  t h e  sequence of a r r i v a l  a t  Mars of t h e  two 
s p a c e c r a f t  w a s  n o t  performed i n  t h i s  s tudy .  For p re l imina ry  purposes  it  i s  
assumed t h a t  t h e  o r b i t e r l b u s  v e h i c l e  would be  launched f i r s t  f o r  a r r i v a l  a few 
days ahead of t h e  l a n d e r l a s c e n t  probe. This  would permit  t h e  p o s s i b i l i t y  of 
t h e  o r b i t e r l b u s  monitor ing t h e  l ande r / a scen t  probe e n t r y ,  descent  and landing .  
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8.1.2 System Description 
The dua l  depa r tu re  all-chemical system c o n s i s t s  of a l a n d e r / a s c e n t  probe 
v e h i c l e  and an o r b i t e r / b u s  r e t u r n  v e h i c l e  launched as s e p a r a t e  payloads by two 
T i t a n  I11 D/Centaur v e h i c l e s .  
c h a r a c t e r i s t i c s  of t h e s e  systems. 
The fol lowing paragraphs b r i e f l y  d e s c r i b e  t h e  
8.1.2.1 Lander/Ascent Probe Vehicle.  The l a n d e r / a s c e n t  probe v e h i c l e  c o n s i s t s  
of an e a r t h  launch v e h i c l e  a d a p t e r ,  l a n d e r / a s c e n t  probe bus , probe mounting 
s t r u c t u r e ,  s t e r i l i z a t i o n  c a n i s t e r ,  and t h e  l ande r / a scen t  probe. A p re l imina ry  
conf igu ra t ion  drawing of t h e  o v e r a l l  v e h i c l e  i s  presented i n  F igu re  8-3. The 
g ross  Earth d e p a r t u r e  weight i s  8480 pounds. A system weight summary i s  pre- 
sented i n  Table 8-1. 
It i s  noted t h a t  t h e  p re l imina ry  c o n f i g u r a t i o n  drawing shows t h e  probe 
diameter exceeding t h e  c u r r e n t  Viking bulbous shroud payload envelope. 
t h e  Viking envelope w a s  considered a r e l a t i v e l y  " so f t "  c o n s t r a i n t  i n  t h e  p re sen t  
s tudy ,  i t e r a t i o n s  i n  probe s i z i n g  w e r e  n o t  made t o  reduce t h e  diameter.  I f  
t i m e  i n  t h e  s tudy had pe rmi t t ed ,  i t  i s  be l i eved  t h a t  i t e r a t i v e  e n t r y / d e s c e n t /  
landing system t r a d e o f f s  could have been exe rc i sed  t o  achieve a t en  percent  
r educ t ion  i n  t h e  a e r o s h e l l  diameter.  
Because 
Ea r th  Launch Vehicle Adapter 
The Earth launch v e h i c l e  adap te r  i s  t h e  mechanical i n t e r f a c e  between t h e  
Centaur s t a g e  and t h e  Mars braking s t a g e  of t h e  o r b i t e r / b u s  r e t u r n  v e h i c l e .  
The adap te r  is  a t u b u l a r  t r u s s  s t r u c t u r e  e s t ima ted  t o  weigh 291 pounds. 
Lander/Ascent Probe Bus 
The l a n d e r l a s c e n t  probe bus i s  a se l f - con ta ined ,  f u l l y  independent space- 
c r a f t  t h a t  t r a n s p o r t s  t h e  l ande r / a scen t  probe t o  t h e  v i c i n i t y  of Mars. 
bus c o n s i s t s  of a s p a c e c r a f t  module and a propuls ion module. 
i s  presented i n  Table 8-2. 
The 
A weight summary 
The s p a c e c r a f t  module r e c e i v e s  and execu te s  commands r equ i r ed  t o  place 
The t h e  l ande r / a scen t  probe on a d i r e c t  e n t r y  f l i g h t  pa th  a t  Mars a r r i v a l .  
module is  e s s e n t i a l l y  a Mariner Mars 1969 s p a c e c r a f t  repackaged i n  a new 
i 
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Table 8-2. LANDER/ASCENT PROBE BUS WEIGHT SUQMARY 
Spacec ra f t  Modu 1 e 
Guidance and Navigation 
Transce iver  
Antenna 
Data Encoder 
Video Storage  
Tel evi  si on 
Command 
Computer & Sequencer 
Power 
E l e c t r i c a l  Wiring 
Thermal Control 
Atti tude  Control 
S t r u c t u r e  
Contingency 
Propul si on Module 




P1 umbi ng 
Pressur i  za t ion  
Thermal Control 
S t r u c t u r e  
Contingency 
























830 l b  
1011 l h  
s t r u c t u r e .  The Mariner s c i e n c e  ins t ruments  have been removed and a more sophis -  
t i c a t e d  guidance subsystem added t o  meet t h e  approach guidance requirements  f o r  
d i r e c t  e n t r y  a t  Mars. 
of t h e  Mariner Mars 1969 s p a c e c r a f t  and a t o t a l  weight  of 830 pounds. 
The s p a c e c r a f t  module has  t h e  performance c h a r a c t e r i s t i c s  
The probe bus propuls ion  module performs t h e  outbound midcourse c o r r e c t i o n  
maneuvers and a d e f l e c t i o n  maneuver dur ing  Mars approach t o  p l ace  t h e  space- 
c r a f t  onto a f lyby  t r a j e c t o r y  a f t e r  s e p a r a t i o n  of t h e  l a n d e r l a s c e n t  probe,  
The module employs a s i n g l e  325-pound t h r u s t  engine w i t h  a s p e c i f i c  impulse of 
306 seconds and has  a t o t a l  weight of 181 pounds, 
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Probe Mounting S t r u c t u r e  
The probe mounting s t r u c t u r e  i s  a 322-pound t u b u l a r  t r u s s  s t r u c t u r e  t h a t  
provides  mechanical i n t e r f a c e  between t h e  l a n d e r / a s c e n t  probe and t h e  probe 
bus. The mounting s t r u c t u r e  a l s o  suppor t s  t h e  s t e r i l i z a t i o n  c a n i s t e r .  
S t e r i l i z a t i o n  Can i s t e r  
The s t e r i l i z a t i o n  c a n i s t e r  o r  b i o s h i e l d  provides  contamination p r o t e c t i o n  
t o  t h e  l ande r / a scen t  probe from s t e r i l i z a t i o n  a t  Ea r th  t o  Mars arrival.  
es t imated weight of t h e  c a n i s t e r  is  401 pounds. 
The 
Lander/Ascent Probe 
The l a n d e r / a s c e n t  probe c o n s i s t s  of an aerobraking system, l a n d e r ,  r o v e r ,  
and Mars a s c e n t  v e h i c l e .  A prel iminary c o n f i g u r a t i o n  of t h e  probe is  pre- 
sented i n  F igu re  8-4. The g ross  weight of t h e  probe a t  Mars e n t r y  i s  6450 
pounds. A weight summary i s  p resen ted  i n  Table 8-3. 
Table 8-3. LANDER/ASCEbT PROBE WEIGHT SUPlflARY 
Mars Ascent Veh ic le  
Rover 
Lander 
Gross Landed Weight 
Aerobraking System 
Gross Probe Weight a t  Entry 





6450 l b  
The aerobraking system c o n s i s t s  of t h e  a e r o s h e l l ,  h e a t s h i e l d ,  a t t a c h e d  
i n f l a t a b l e  d e c e l e r a t o r  (AID), and a t t i t u d e  c o n t r o l  system, The a e r o s h e l l  i s  
approximately 14 .1  f e e t  i n  diameter  based on a b a l l i s t i c  c o e f f i c i e n t  of 1.0 
s l u g / f  t2 and t h e  drag c h a r a c t e r i s t i c s  a s s o c i a t e d  wi th  t h e  conf igu ra t ion  trimmed 
f o r  a l i f t - t o - d r a g  r a t i o  of 0.3.  The A I D  h a s  a deployed diameter of 35 f e e t  
and employs a gas  gene ra to r  f o r  deployment. 
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Table 8-4. AEROBR K NG SYSTEM WE1 HT SUFlPi RY 
Aeroshell  
Heats h i  e 1 d 
Attached I n f l a t a b l e  Dece lera tor  (AID) 
At t i  tude Control I n e r t s  
Cltti tude  Control Propel 1 a n t s  
Terminal Descent Propel 1 a n t s  
Con t i  ngency 







Total  1542 l b  
Lander 
The l ande r  c o n s i s t s  of t h e  Viking s c i e n c e  in s t rumen t s ,  s e l e c t e d  Viking 
subsystems and o t h e r  subsystems based on e x i s t i n g  technology. The subsystems 
s e l e c t e d  from Viking are power, t e l eme t ry ,  guidance and c o n t r o l ,  communications, 
command and c o n t r o l ,  and e lec t r ica l  c a b l i n g  and ha rness .  
The l ande r  t e rmina l  propuls ion system employs n i n e  325-pound t h r u s t  engines .  
The s t r u c t u r e ,  landing gea r ,  thermal c o n t r o l  and pyrotechnics  weights are based 
on Viking. A summary of t h e  MSSRlander weights  i s  p resen ted  i n  Table 8-5. 
Rover 
The rover  s e l e c t e d  f o r  p re l imina ry  purposes i s  a 150-pound, l ande r  in-  
dependent v e h i c l e  as de f ined  by General Notors and Bendix f o r  l u n a r  app l i ca -  
t i o n  and r epor t ed  i n  JPL document, EDP-259 ( r e f .  1 6 ) .  
Mars Ascent Vehicle 
The Mars a scen t  v e h i c l e  (MAV) c o n s i s t s  of two propuls ion s t a g e s ,  an equip- 
ment module and a sample payload module. The second s t a g e  employs a s i n g l e  
325-pound t h r u s t  engine and has  a thrust-to-weight r a t i o  of 0.38. The f i r s t  
s t a g e  i s  designed around a c l u s t e r  of t h i r t e e n  325-pound t h r u s t  engines  and 
has  a thrust-to-weight r a t i o  of approximately 1.5.  
p r o p e l l a n t s  and d e l i v e r  s p e c i f i c  impulses of 300 seconds.  A weight summary 
of t h e  MAV i s  presented i n  Table 8-6. 





Table 8-5. LANDER WEIGHT SIJMMARY 
Sci cnce 
Powe r 
Te 1 eme t ry 
Gui  dance 
Communi c a t i o n s  
Command, Control Sequencer 





P1 umbi ng 
Pressur i  z a t i  on 
Resi duals  
S t r u c t u r e  
* Viking  Lander weights 
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Table 8-6. M A V  WEIGHT SUMMARY (Concluded) 
Transceiver and Antenna 
Atti tude Control 
Structure 
Contingency 
Second Propulsion Stage 









First Propulsion Stage 
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8.1.2.2 Orbi te r /Bus  Return Vehicle.  The o r b i t c r f b u s  r e t u r n  v e h i c l e  c o n s i s t s  
of a n  e a r t h  launch v e h i c l e  adap te r ,  Mars braking s t a g e ,  Mars depa r tu re  s t a g e ,  
and t h e  o r b i t e r l b u s  module. The o v e r a l l  v e h i c l e  conf igu ra t ion  is  shown i n  
Figure 8-5. The g ross  e a r t h  depa r tu re  weight is  8958 pounds. A weight summary 
is  presented i n  Table 8-7. 
T a b l e  8-7. DUAL DEPARTURE CONCEPT ORBITER/BUS SYSTEM WEIGHT SUMMARY 
ORBITER/BUS MODULE 
MARS DEPARTURE STAGE 
MARS BRAKING STAGE 
TOTAL PLANETARY VEHICLE 
EARTH LAUNCH VEHICLE ADAPTER 







Ear th  Launch Vehicle Adapter 
The e a r t h  launch v e h i c l e  adap te r  is a tubu la r  t r u s s  s t r u c t u r e  t h a t  pro- 
v ides  t h e  mechanical. i n t e r f a c e  between t h e  Centaur s t a g e  and t h e  Mars braking 
s t age .  
aluminum cons t ruc t ion .  
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MARS BRAKING STAGE 
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Mars Braking Stage 
The Mars braking s t a g e  (MBS) performs t h e  outbound midcourse c b r r e c t i o n  
maneuvers, t h e  Mars braking maneuver and t h e  o r b i t  t r i m  maneuvers. The MBS 
con ta ins  4669 pounds of N204/MMH p r o p e l l a n t s ,  757 pounds of i n e r t  systems, and 
employs f i v e  325-pound t h r u s t  engines .  The engine c h a r a c t e r i s t i c s  are p re -  
sen ted  i n  Table  5-3 of Sec t ion  v. The I-BS a l s o  con ta ins  t h e  v e h i c l e  a t t i t u d e  
c o n t r o l  s y s t e m  f o r  t h e  outbound l e g  of t h e  mission.  A s t a g e  weight summary 
i s  presented i n  Table 8-8. 
Table  8-8. MARS BRAKING STAGE 
Propel 1 a n t s  ’ 
Residual s 
T an I< ag e 
Engine 
P1 umbi ng 
P r e s s u r i z a t i o n  
Thermal Control 
Atti tude  Control 
S t r u c t u r e  
Contingency 
Total  S tage  Weight 
Mars Departure Stage 










5405 l b  
The Mars d e p a r t u r e  s t a g e  (MD5) performs t h e  Mars o r b i t  rendeavous maneuvers, 
t h e  Mars depa r tu re  maneuver, and t h e  inbound midcourse c o r r e c t i o n  maneuvers. 
The MDS con ta ins  1446 pounds of N204/MMH p r o p e l l a n t s ,  265 pounds of i n e r t  
systems,  and employs two 325-pound t h r u s t  engines .  
are i d e n t i c a l  t o  those  i n  t h e  Mars braking  s t age .  A weight summary of t h e  
MDS is  presented  i n  Table 8-9. 
The engine c h a r a c t e r i s t i c s  
Orb it  e r / Bus Mo du 1 e 
The o r b i t e r l b u s  module c o n s i s t s  of t h e  Viking o r b i t e r  s c i ence ,  s e l e c t e d  
Viking subsystems, and o t h e r  subsystems based on e x i s t i n g  technology. The 
subsystem weights  from t h e  Viking o r b i t e r  are t h e  communications, power, d a t a  
s t o r a g e ,  computer and command, pyro technics ,  and cab l ing  and harness .  The 




Table 8-9. MARS DEPARTURE STAGE 
Propel 1 ants 
Resi duals  
Tankage 
Engine  
P1 umbi ng 
P res su r i za t ion  
Thermal Control 
S t r u c t u r e  
Con ti ngency 
Total  Stage Weight 










The o r b i t e r / b u s  equipment not  r equ i r ed  f o r  t h e  inbound l e g  of t h e  mission 
is j e t t i s o n e d  i n  Mars o r b i t .  
sys t e m s  . 
This  r e q u i r e s  modular packaging of t h e  sub- 
Weight summaries of both t h e  outbound (Earfh-to-Mars) and inbound (Mars- 
to-Earth) o r b i t e r / b u s  c o n f i g u r a t i o n s  are p resen ted  i n  Table 8-10. 
Table 8-10. ORBITER/BUS EQUIPMENT MODULE WEIGHT SUMMARY 
ITEM 
Science 
Communi ca t ions  
Power 
Data Storage 
Computer and Command 
Pyro techni cs 
Cabling and Harness 
Temperature Control 
Mechani cal  Devices 
Atti tude Control I n e r t s  






Earth r een t ry  capsule  
Total  Weight 
8-16 
OUTBOUND 
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.I 
INBOUND 





















.___- Ear th  Reentry Capsule 
The e a r t h  r e e n t r y  capsule  i s  an Apollo Command Plodule shape v e h i c l e  approxi- 
mately 2 f e e t  i n  diameter .  The capsule  i s  s p i n - s t a b i l i z e d  f o r  r e e n t r y  and de- 
spun p r i o r  t o  parachute  deployment. A weight  summary of t h e  capsule  i s  presented  
i n  Table 8-11. 
Tab1 e 8-1 1. EARTH REENTRY CAPSULE WEIGHT SUMMARY 
Samples 
Samples Container 
Battery and Cabling 
Marker Beacon 
Spin/De-Spin Motors 







Total Capsule Weight 
10 l b  
3 
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8.1.3 Preliminary Program Schedule 
* ,  
The p re l imina ry  program schedule  prepared  f o r  t h e  dua l  depa r tu re  a l l -  
chemical system is  presented  i n  F igu re  8-6. 
1971 Phase A s tudy  i n i t i a t i o n  and a program commitment by January 1972 i n  
o rde r  t o  meet t h e  September 1975 miss ion  launch oppor tuni ty .  
This  schedule  r e q u i r e s  a January 
The system development schedule  f o r  t h e  1975 miss ion  appears  t o  be  f e a s i -  
b l e ,  bu t  r e q u i r e s  a very  i n t e n s i v e  system d e f i n i t i o n  e f f o r t  dur ing  CY 1971. 
For  comparison purposes ,  p re l iminary  schedules  were prepared f o r  t h e  1977 
and 1979 mission o p p o r t u n i t i e s .  F igu re  8-7 g ives  t h e  system development sched- 
u l e  f o r  t h e  1977 launch oppor tuni ty .  The o v e r a l l  Phase C and D t i m e  schedule  
i n  t h e  program i s  r e l a t i v e l y  r e l axed  and spans about f i v e  yea r s  from i n i t i a t i o n  
of Phase C. The Phase A s tudy  i s  i n i t i a t e d  i n  CY 1971 as i n  t h e  1975 miss ion  











































Figure  8-8 shows a prel iminary schedule  keyed on t h e  1979 launch opportu- 
This schedule  i s  i d e n t i c a l  t o  t h e  1977 case except  t h e  Phase A start  i s  n i t y .  
s l i p p e d  by two years  t o  CY 1973. 
8.11.4 Preliminary Cost Estimate 
A p re l imina ry  c o s t  estimate w a s  made f o r  t h e  d u a l  depa r tu re  a l l -chemical  
The MSSR concept based on t h e  c o s t  d a t a  developed under Contract  NAS8-24714. 
estimate inc ludes  launch v e h i c l e  c o s t s  b u t  does n o t  i n c l u d e  recovery c o s t s .  
The estimate r e f l e c t s  development c o s t s  f o r  a l l  subsystems a v a i l a b l e  from t h e  
Mariner and Viking programs. The development c o s t  of t h e  p ropu l s ion  subsystems 
w a s  reduced because t h e  major development work has  been completed on t h e  
s e l e c t e d  engine used throughout t h e  system. 
The product ion c o s t  estimate inc ludes  two f l i g h t  systems, b u t  only one 
p a i r  of Earth launch v e h f c l e s  as r e q u i r e d  by a s i n g l e  mission. 
Table 8-12 summarizes t h e  c o s t s  by major c o s t  element. The t o t a l  program 
less recovery c o s t  is e s t ima ted  t o  be $891 m i l l i o n  i n  1970 d o l l a r s .  
Tab1 e 8-1 2. PRELIMINARY COST ESTIMATE FOR DUAL DEPARTURE, 
ALL-CHEMI CAL M I S S  I ON/SYSTEM CONCEPT 
COST ELEMENT 
Design and Development 
Produc ti on 
Operations 
Launch Vehi c l  es 
To ta l  Cost* 




* Recovery costs  n o t  inc luded.  
8-2 0 
TR-842 
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H U NTSV I L L E 
8.1 -5 Supporting Technology Requirements 
The i t e m s  decr ibed below are e i t h e r  support ing technology requirements o r  
development i t e m s  of such magnitude t h a t  they deserve s p e c i a l  a t t e n t i o n  p r i o r  
t o  a program go-ahead d e c i s i o n .  The technology requirements f o r  both t h e  1975 
and t h e  1977/1979 launch o p p o r t u n i t i e s  are descr ibed i n  t h e  following paragraphs.  
The requirement f o r  t h e  la ter  missions are summarized f i r s t .  
8 .1 .5 .1  Supporting Technology Requirements f o r  1977/1979 Launch Oppor tun i t i e s .  
For t h e s e  mission o p p o r t u n i t i e s  i t  w a s  assumed t h a t  t h e  system could t a k e  ad- 
vantage of t echno log ica l  advances through January 1974. 
Engine Development 
The design of t h e  b a s e l i n e  MSSR system r e q u i r e s  t h e  use of high-pressure,  
low-flow engines  wi th  burn t i m e s  of 600 t o  1000 seconds and t h r u s t  levels of 
500 t o  5000 pounds. The development of one engine wi th in  t h i s  t h r u s t  range 
w i l l  demonstrate t h e  technology. A 1000-pound t h r u s t  engipe is  considered 
r e p r e s e n t a t i v e  and i s  recommended f o r  development. 
The o b j e c t i v e  of t h i s  SRT a c t i v i t y  i s  t o  perform those t a s k s  r equ i r ed  t o  
develop t h e  engine and demonstrate and engine r e l i a b i l i t y  of 0.9. 
q u i r e s  t h a t  a t o t a l  of approximately 845 engine tests b e  performed. This  
a c t i v i t y  a l s o  inc ludes  f l i g h t  q u a l i f i c a t i o n .  
Th i s  re- 
P r o p e l l a n t  S t e r i l i z a t i o n  
The use of s t e r i l i z a b l e  p r o p e l l a n t s  below 1000 km a l t i t u d e  a t  Mars w a s  a 
NASA-imposed groundrule  f o r  t h e  MSSR s tudy under Contract  NAS8-24714. Although 
t h i s  c o n s t r a i n t  w a s  r e l axed  i n  t h e  p r e s e n t  s tudy ,  s t e r i l i z a t i o n  of a l l  l a n d e r /  
a scen t  probe p r o p e l l a n t s  i s  r equ i r ed .  The g u i d e l i n e  f o r  s t e r i l i z a t i o n  i s  t o  
ensure a p r o b a b i l i t y  of contamination of t h e  p l a n e t a r y  body no g r e a t e r  than 
Current program requirements s p e c i f y  s t e r i l i z a t i o n  of t h e  s p a c e c r a f t  
( i nc lud ing  p r o p e l l a n t s )  be fo re  launch by exposure t o  a t e rmina l  dry h e a t  of 
135°C f o r  approximately 24 hours.  This  procedure seve re ly  l i m i t s  t h e  choice 








The MSSR b a s e l i n e  system con ta ins  t h r e e  propuls ion  modules t h a t  are 
s u b j e c t  t o  t h e  s t e r i l i z a t i o n  requirements .  These are t h e  d e f l e c t i o n  ( o r  
d e o r b i t )  and l ande r  p ropu l s ion  systems, t h e  Mars ascent v e h i c l e  f i r s t  s t a g e  
propuls ion  system, and t h e  Mars a s c e n t  v e h i c l e  second s t a g e  propuls ion  system, 
and t h e  Mars a s c e n t  v e h i c l e  second s t a g e  system. 
The p r o p e l l a n t  combination s e l e c t e d  f o r  a l l  of t h e s e  a p p l i c a t i o n s  w a s  
N204/MfH. 
315 seconds t o  account f o r  t h e  e f f e c t  of s t e r i l i z a t i o n .  
The r e a l i z e d  I s p  of  t h e  p r o p e l l a n t  w a s  reduced from 320 seconds t o  
The o b j e c t  of t h i s  SRT a c t i v i t y  i s  t o  determine t h e  e f f e c t s  of s ter i l i -  
z a t i o n  on t h e  d e l i v e r e d  I s p  of N 0 /MMH. 
a v a i l a b l e  w i t h  space s t o r a b l e  p r o p e l l a n t s ,  t h i s  a c t i v i t y  should a l s o  determine 
t h e  f e a s i b i l i t y  of s t e r i l i z i n g  p r o p e l l a n t  combinations such as FLOX/CH and 
determine t h e  performance of t h e  s t e r i l i z e d  p r o p e l l a n t .  
Because of t h e  improved performance 2 4  
4 
P r o p e l l a n t  Boi lof f  Losses 
One key parameter i n f luenc ing  t h e  s e l e c t i o n  of p r o p e l l a n t s  f o r  t h e  va r ious  
propuls ion  modules was t h e  pe rcen t  of p r o p e l l a n t s  l o s t  due t o  b o i l o f f .  The 
e f f e c t  of b o i l o f f  i n  t h e  MSSR system a n a l y s i s  w a s  t o  f o r c e  t h e  use of  Ear th  
s t o r a b l e  p r o p e l l a n t s  ( I s p  320 seconds) f o r  t h e  Mars depa r tu re  s t a g e  and t h e  
Ear th  brak ing  s t a g e  ( i n  capture / recovery  concepts)  r a t h e r  than  t h e  h ighe r  per- 
formance space s t o r a b l e  p r o p e l l a n t s  ( I sp  = 400 seconds) .  The cause  of b o i l o f f  
as a func t ion  of tank  volume i s  i l l u s t r a t e d  i n  F igure  8-9. The f i g u r e  shows 
t h e  s t r o n g  dependence on tank suppor t  des ign  f o r  tank s i z e s  t y p i c a l  of t h e  
MSSR system (10 t o  100 f t  ) .  3 
The b o i l o f f  d a t a  used dur ing  t h e  MSSR s tudy  t o  select  p r o p e l l a n t s  f o r  t h e  
va r ious  modules were based on e x t r a p o l a t i o n  of test d a t a  provided by NASA/MSFC. 
The o b j e c t i v e  of t h i s  SRT a c t i v i t y  i s  two-fold: f i r s t  t o  a c c u r a t e l y  de- 
termine t h e  b o i l o f f  c h a r a c t e r i s t i c s  of a t y p i c a l  space s t o r a b l e  p rope l l an t  
s t o r e d  i n  a s p h e r i c a l  t ank  nominally f o u r  f e e t  i n  diameter ;  and second t o  




LOSS THROUGH SUPPORTS 
TANK VOLUME (ft3) 
Figure  8-9. CAUSE OF BOILOFF LOSES FOR TYPICAL PROPULSION STAGE 
Attached I n f l a t a b l e  Dece lera tor  
Based on t h e  a n a l y s i s  conducted f o r  en t ry /descen t / l and ing  a t  Mars, t h e  
d e c e l e r a t i o n  system u t i l i z e s  an a e r o s h e l l  f o r  t h e  high-heating phase,  an 
a t t ached  i n f l a t a b l e  d e c e l e r a t o r  (AID) t o  achieve  hypersonic / supersonic  dece lera-  
t i o n  t o  subsonic  cond i t ions ,  and p ropu l s ive  t e rmina l  dece le ra t ion .  
The b a s e l i n e  MSSR system r e q u i r e s  a 35-foot d iameter  A I D .  The A I D  is  de- 
ployed a t  Mach 4 cond i t ions  a f t e r  t h e  e n t r y  h e a t i n g  phase te rmina tes .  A I D  
development t o  d a t e  h a s  been conf ined  t o  smaller devices  deployed a t  lower 
Mach numbers than  r equ i r ed  f o r  t h e  b a s e l i n e  MSSR system. The c u r r e n t  s t a t e  
of A I D  development i s  summarized i n  Table  8-13. 
The o b j e c t i v e  of  t h i s  SRT a c t i v i t y  i s  t o  v e r i f y  t h e  development and sta-- 
b i l i t y  of large-diameter  A I D ' S  ove r  a wide range of v e l o c i t i e s  and dynamic 
p res su res .  
p rovide  f o r  op t imiz ing  t h e  A I D  f o r  vary ing  payload weights  and e n t r y  cond i t ions  
t o  accommodate design of t h e  b a s e l i n e  MSSR system. 
Aerodynamic and s t r u c t u r a l  des ign  d a t a  need t o  be  compiled t o  
Electr ical  Power 
The e lec t r ica l  power requirements  f o r  t h e  1974 technology MSSR b a s e l i n e  
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Tab1  e 8-1 4 - MSSR ELECTRICAL POWER REQUIREMENTS 
Lander 
R o v e r  
M a r s  A s c e n t  Vehic le  
*Watt-hours 
8-25 
* :  
NQRTHRQP TR-842 
HUNTSVILLE 
(RTG) were s e l e c t e d  f o r  a l l  modules except t h e  Mars a s c e n t  v e h i c l e ,  which uses  
b a t t e r i e s  because of t h e  s h o r t  (one day) ope ra t ing  t i m e  requirement.  The RTG's  
s e l e c t e d  f o r  t h e  MSSR system are fue led  w i t h  Plutonium-238 and nominally pro- 
duce 2 w a t t s  p e r  pound. 
of RTG's capable  of producing 3 watts p e r  pound. 
Current development ac t iv i t ies  i n d i c a t e  t h e  f e a s i b i l i t y  
The General Electric Company is p r e s e n t l y  developing an RTG f o r  t h e  AEC 
which is expected t o  d e l i v e r  2 .5  w a t t s  p e r  pound. This  u n i t  i s  scheduled f o r  
d e l i v e r y  t o  t h e  AEC during CY 1970.  
The o b j e c t i v e  of t h i s  SRT a c t i v i t y  i s  t o  develop a modular 100-watt RTG 
capable  of producing 2.5 t o  3 watts pe r  pound. These u n i t s  should be capable  
of being combined t o  meet t h e  200-watt and 600-watt power requirements of t h e  
MSSR system. 
i 
Mars Surface Model 
The gene ra l  c h a r a c t e r i s t i c s  of t h e  Mars s u r f a c e  are descr ibed i n  t h e  
l i t e r a t u r e ;  however, t h e  open l i t e r a t u r e  does n o t  r e f l e c t  i n  d e t a i l  t h e  f i n d i n g s  
of Mariner '69 .  
The o b j e c t i v e  of t h i s  SRT a c t i v i t y  i s  t o  update e x i s t i n g  models of t h e  
Mars s u r f a c e  wi th  t h e  la tes t  Mariner d a t a  and Mariner ' 7 1  d a t a  when a v a i l a b l e .  
The s u r f a c e  models should b e  prepared wi th  both s c i e n t i s t s  and engineer  u s e r s  
i n  mind. 
i n t e r e s t i n g  MSSR landing sites. It should a l s o  provide engineer ing d a t a  
r e q u i r e d  f o r  design of t h e  l a n d e r / r e t u r n  probe(s)  i nc lud ing  t h e  rover  
v e h i c l e ( s )  
The model should a i d  t h e  s c i e n t i s t  i n  t h e  s e l e c t i o n  of p o t e n t i a l l y  
Several  models of t h e  Mars atmosphere have been developed. The VM-8 
atmosphere w a s  used i n  t h e  MSSR study as r equ i r ed  by NASA/MSFC. Prel iminary 
a n a l y s i s  of t h e  Mariner '69 d a t a  show some i n c o n s i s t e n c i e s  between t h e  VN-8 
model and t h e  latest  Mariner d a t a .  
a e r o s h e l l ,  a t t ached  i n f l a t a b l e  d e c e l e r a t o r  and t e rmina l  propuls ion system a r e  
dependent on t h e  c h a r a c t e r i s t i c s  of t h e  model atmosphere. 




The o b j e c t i v e  of t h i s  SRT a c t i v i t y  is  t o  update e x i s t i n g  Mars atmosphere 
models using t h e  most r e c e n t  Mariner d a t a .  
Meteoroid Environment Model 
The MSSR b a s e l i n e  system r e q u i r e s  a s i g n i f i c a n t  amount of meteoroid 
s h i e l d i n g  i n  t h e  form of inc reased  s k i n  th i ckness  o r  meteoroid bumpers based 
on e x i s t i n g  meteoroid environmental  da t a .  
The o b j e c t i v e  of t h i s  SRT a c t i v i t y  i s  t o  provide more a c c u r a t e  meteoroid 
environmental  d a t a  both i n  t h e  v i c i n i t y  of Mars and between Earth and Mars. 
Mars Ascent Vehicle Guidance 
Mars a s c e n t  v e h i c l e  (MAV) guidance p r e s e n t s  several problems beyond those  
These problem areas i n c l u d e  hardware p rev ious ly  considered f o r  Mars missions.  
and so f tware  mechanization, and computer i n i t i a l i z a t i o n .  The hardware s e l e c t e d  
f o r  t h e  MAV guidance i s  b a s i c a l l y  t h e  strap-down system s e l e c t e d  f o r  t h e  A i r  
Force PRIME l i f t l n g  r e e n t r y  development and test program, and c o n s i s t s  of an 
i n e r t i a l  s e n s o r  assembly, power s u p p l i e s ,  and a computer. 
The o b j e c t i v e  of t h i s  SRT a c t i v i t y  i s  t o  determine t h e  optimum hardware 
mechanization, develop t h e  guidance so f tware ,  and determine t h e  b e s t  method 
of i n i t i a l i z i n g  and guidance computer. 
Rendezvous and Docking 
The remote rendezvous and docking of t h e  o r b i t e r l b u s  and t h e  Mars a s c e n t  
v e h i c l e  (MAV) pose both sof tware and hardware SRT requirements.  The p r e s e n t  
scheme i s  f o r  t h e  o r b i t e r / b u s  t o  b e  t h e  active element i n  t h e  t e rmina l  phase 
rendezvous and t h e  docking maneuver. 
r a d a r  and o p t i c a l  s enso r s  f o r  t h e  t e rmina l  docking maneuver. The MAV c o n t a i n s  
a rendezvous r a d a r  t ransponder  a n d ’ l i g h t  sources  f o r  docking. 
The o r b i t e r / b u s  con ta ins  a rendezvous 
The o b j e c t i v e  of t h i s  SRT a c t i v i t y  i s  t o  s imula t e  t h e  automated rendezvous 
and docking maneuver between t h e  o r b i t e r l b u s  and t h e  MAV. 
r e s u l t  i n  performance s p e c i f i c a t i o n s  f o r  t h e  rendezvous and docking hardware 
f o r  both t h e  o r b i t e r / b u s  and t h e  MAV. 





The a b i l i t y  t o  sample out  t o  s e v e r a l  hundred meters r a d i u s  around t h e  
s t a t i o n a r y  l ande r  is  d e s i r a b l e  t o  enhance t h e  p o s s i b i l i t y  of a c q u i r i n g  a 
v a r i e t y  of sample types o u t s i d e  t h e  area of p o s s i b l e  contamination by t h e  
l ande r .  
employing t h e  T i t a n  IIID/Centaur launch v e h i c l e s .  
A s m a l l ,  minimum weight system i s  p a r t i c u l a r l y  r equ i r ed  i n  concepts 
The o b j e c t i v e  of t h i s  a c t i v i t y  i s  t h e  development and demonstration of 
a 150- t o  200-pound class lander-independent rover  f o r  Mars s u r f a c e  sampling 
around t h e  MSSR landing s i te .  
Sample Acqu i s i t i on  and Handling 
Surface Sample Acqu i s i t i on .  Techniques and equipment f o r  t h e  a c q u i s i t i o n  
of s u r f a c e  samples are requ i r ed  based on t h e  l a tes t  d e f i n i t i o n  of t h e  Mars 
s u r f  ace. 
The o b j e c t i v e  of t h i s  a c t i v i t y  i s  t h e  development and tes t  of p l a n e t a r y  
s u r f a c e  sample a c q u i s i t i o n  techniques and a s s o c i a t e d  equipment. 
Subsurface Sample Acquis i t ion.  A core  sample a t  t h e  MSSR landing s i t e  is  
h i g h l y  d e s i r a b l e .  A l i g h t w e i g h t ,  automated co re  d r i l l  is  r equ i r ed  which can 
i n t e r f a c e  wi th  t h e  sample t r a n s p o r t / l o a d i n g  requirements.  ? 
The o b j e c t i v e  of t h i s  a c t i v i t y  would b e  t h e  development and demonstration 
of a 1 t o  10 m e t e r  automated d r i l l  f o r  co re  sampling t h e  Mars s u r f a c e .  
Sample Transport/Loading System. Use of a rover  t o  extend t h e  MSSR 
sampling r a d i u s  r e q u i r e s  t h e  development of a system f o r  t r a n s p o r t  and loading 
of t h e  samples from t h e  rover  i n t o  t h e  Mars a s c e n t  v e h i c l e  (MAV) payload com- 
partment.  This  system should a l s o  b e  capable  of loading samples acquired by 
t h e  s t a t i o n a r y  l ande r .  
The o b j e c t i v e  of t h i s  a c t i v i t y  i s  t h e  development and demonstration of a 
rover-to-MAV and lander-to-MAV sample t r a n s p o r t l l o a d i n g  system. 
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Sample Storage.  Techniques and equipment are requ i r ed  t o  provide adequate 
canning and s a f e  s t o r a g e  of t h e  acquired Mars samples. Canning equipment o r  
devices  and c a n i s t e r s  must be developed t o  i n t e r f a c e  wi th  t h e  s a m p l e  a c q u i s i t i o n /  
t r a n s p o r t / l o a d i n g  systems. 
The o b j e c t i v e  of t h i s  a c t i v i t y  is  t h e  development of p l a n e t a r y  sample 
canning methods and hardware. 
Earth Reentry/Recovery Capsule 
The d i r e c t  r een t ry / r ecove ry  mode o f f e r s  s i g n i f i c a n t  performance advantages 
i n  t h e  MSSR mission and is requ i r ed  f o r  concepts based on al l -chemical  propul- 
s i o n  and use  of T i t a n  IIID/Centaur class launch vehicles. The f e a s i b i l i t y  of 
f a i l - s a f e  recovery of samples with no s i g n i f i c a n t  back contamination r i s k  must 
be demonstrated p r i o r  t o  commitment t o  t h e  d i r e c t  r e e n t r y  approach. 
The o b j e c t  of t h i s  a c t i v i t y  is  t h e  development and demonstration of a f a i l -  
s a f e  d i r e c t  r een t ry / r ecove ry  capsule  system f o r  r e t u r n  of e x t r a t e r r e s t r i a l  
samples a 
8.1,5.2 Support Technology Requirements f o r  1975 Launch Opportunity Mission. 
The suppor t ing  technology requirements f o r  t h e  1975 mission oppor tun i ty  are 
similar t o  those  p re sen ted  i n  s u b s e c t i o n  8.1.5.1 f o r  t h e  1977/1979 missions.  
The major d i f f e r e n c e s  occur  as a r e s u l t  of u s ing  e x i s t i n g  subsystems f o r  t h e  
1975 missions.  
Chemical engine development and r a d i o i s o t o p e  t h e r m o e l e c t r i c  gene ra to r  
(RTG) development are n o t  r e q u i r e d  f o r  t h i s  misqion. The use  of t h e  B e l l  8570 
engine throughout t h e  system negates  t h e  requirement f o r  an engine development 
program; however, t h e  problems t h a t  may arise due t o  c l u s t e r i n g  r a d i a t i o n -  
cooled engines  should be analyzed e a r l y  i n  t h e  f e q s i b i l i t y  s tudy .  
ment f o r  t h e  advanced RTG does n o t  e x i s t  because t h e  Viking o r b i t e r  and l a n d e r  
power systems can be used wi th  minimum modi f i ca t ion .  
The r equ i r e -  
The remainder of t h e  technology requirements desc r ibed  ie subsec t ion  
8.1.5.1 are common t o  a l l  launch o p p o r t u n i t i e s ;  t h e r e f o r e ,  they apply t o  t h e  
1975 mission oppor tun i ty .  
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8.2 DUAL. DEPARTURE SOLAR- L ECYRIC/CH EMlCAL CONCEPT 
This  mission/system approach i s  s i m i l a r  t o  t h e  dua l  depa r tu re  a l l -chemical  
concept except  t h a t  t h e  o r b i t e r / b u s  v e h i c l e  employs so l a r - e l ec t r i c / chemica l  
primary propuls ion  and provides  c a p a b i l i t y  f o r  t h e  o r b i t a l  cap ture / recovery  
mode a t  Ear th  r e t u r n .  
The g r o s s  Ear th  depa r tu re  weight requirements  are approximately 8500 and 
9300 pounds f o r  t h e  l ande r / a scen t  probe and o r b i t e r / b u s  payloads,  r e s p e c t i v e l y .  
The T i t an  I11 DICentaur has  a 9300-pound c a p a b i l i t y  f o r  t h e  probe launch and 
an 11,900-pound c a p a b i l i t y  f o r  t h e  o r b i t e r / b u s  v e h i c l e  launch. 
weight c a p a b i l i t y  of t h e  T i t a n  I11 D/Centaur f o r  t h e  o r b i t e r / b u s  payload i s  due 
t o  t h e  reduced depa r tu re  energy requirement f o r  t h e  s o l a r - e l e c t r i c  mission 
p r o f i l e .  
The inc reased  
8.2.1, Mission Profile 
The miss ion  p r o f i l e  f o r  t h e  l ande r / a scen t  v e h i c l e  is  i d e n t i c a l  t o  t h a t  
f o r  t h e  dua l  depa r tu re  a l l -chemica l  probe as presented  i n  Figure 8-1 (sub- 
s e c t i o n  8.1).  The miss ion  p r o f i l e  f o r  t h e  so l a r - e l ec t r i c / chemica l  o r b i t e r / b u s  
v e h i c l e  i s  summarized i n  Figure 8-10. 
u 
8.2.2 System Description 
The system c o n s i s t s  of  an al l -chemical  l ande r / a scen t  probe v e h i c l e  and 
a so la r - e l ec t r i c / chemica l  o r b i t e r / b u s  r e t u r n  veh ic l e .  
8 .2 .2 .1  Lander/Ascent Probe. The l ande r / a scen t  probe v e h i c l e  f o r  t h i s  concept 
is i d e n t i c a l  t o  t h e  one p rev ious ly  desc r ibed  f o r  t h e  dua l  depa r tu re ,  a l l -  
chemical concept i n  subsec t ion  8.1.2.1. 
8.2.2.2 Orbi ter /Bus Return Vehicle .  The o r b i t e r / b u s  r e t u r n  v e h i c l e  c o n s i s t s  
of an  Ear th  launch v e h i c l e  a d a p t e r ,  Mars braking  s t a g e ,  s o l a r - e l e c t r i c  pro- 
pu l s ion  system, Ea r th  brak ing  s t a g e ,  and o r b i t e r / b u s  module. A pre l iminary  
v e h i c l e  conf igu ra t ion  i s  presented  i n  F igure  8-11. The g ross  Ear th  depa r tu re  
weight of t h e  v e h i c l e  i s  9,286 pounds. A weight summary is  presented  i n  
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Table 8-15. SOLAR-ELECTRIC ORBITER/BUS SYSTEM WEIGHT SUMMARY 
ORBITER/BUS MODULE 
SOLAR-ELECTRIC PROPULSION* 
SEP POWER PLANT 
SEP PROPELLANT 
EARTH BRAKING STAGE 
MARS BRAKING STAGE 
TOTAL PLANETARY VEHICLE 
EARTH LAUNCH VEHICLE ADAPTER 
GROSS EARTH DEPARTURE WEIGHT 
928 
1,539 







* 15.3 KW POWER AT 1 AU 
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Earth Launch Vehicle Adapter 
The Ear th  launch v e h i c l e  adap te r  is  t h e  mechanical i n t e r f a c e  between t h e  
Centaur s t a g e  and Mars braking s t a g e  of t h e  o r b i t e r / b u s  r e t u r n  veh ic l e .  The 
adap te r  is a 320-pound tubu la r  t r u s s  s t r u c t u r e .  
Mars Braking Stage 
The chemical Mars braking  s t a g e  (MBS) performs t h e  Mars braking maneuver, 
o r b i t  t r i m  maneuvers, and t h e  Mars o r b i t  rendezvous maneuvers. The MBS con- 
t a i n s  a t o t a l  of 3310 pounds of N 0 /MMH p r o p e l l a n t s  i n  four  s p h e r i c a l  t anks .  
The t h r u s t  i s  provided by a c l u s t e r  of t h r e e  325-pound t h r u s t  engines .  The 
engine c h a r a c t e r i s t i c s  are presented  i n  Table  5-3 (Sec t ion  V ) .  
con ta ins  t h e  a t t i t u d e  c o n t r o l  system used dur ing  t h e  outbound l e g  of t h e  mission.  
A s t a g e  weight summary i s  given i n  Table 8-16. 
2 4  
The MBS a l s o  
Ear th  Braking Stage  
The Ear th  braking s t a g e  (EBS) performs t h e  inbound midcourse c o r r e c t i o n  
maneuvers and t h e  Ear th  cap tu re  maneuver. The EBS con ta ins  919 pounds of 
N 0 /Aerozine-50 p r o p e l l a n t s ,  and employs a s i n g l e  325-pound t h r u s t  engine 
i d e n t i c a l  t o  t h e  MBS engines .  A weight summary i s  presented  i n  Table  8-17. 
2 4  
So la r -E lec t r i c  Propuls ion  System 
The s o l a r - e l e c t r i c  propuls ion  (SEP) system t h r u s t s  cont inuous ly  during the  
outbound l e g  of t h e  miss ion ,  during the  sp i r a l -ou t  depa r tu re  maneuver a t  Mars, 
and during the inbound l e g  from Mars t o  Ear th .  The SEP system c o n s i s t s  of the 
s o l a r  a r r a y s ,  power cond i t ion ing  u n i t s ,  i on  t h r u s t e r s ,  and mercury p r o p e l l a n t .  
The t o t a l  area of t h e  s o l a r  a r r a y s  i s  approximately 1600 square  f e e t .  This  
inc ludes  a 15 percent  allowance f o r  r a d i a t i o n  degrada t ion  of t h e  s o l a r  cel ls  and 
provides  an i n i t i a l  ou tput  of 15.3 kw a t  1 AU. Roll-out type  a r r a y s  were 
s e l e c t e d  based on c u r r e n t  technology wi th  a s p e c i f i c  weight of 33 pounds p e r  
k i lowa t t  (38 lb / Iw  inc luding  a r r a y  degrada t ion  e f f e c t s  of r a d i a t i o n )  . 
The SEP t h r u s t e r s  w e r e  s i z e d  a t  2.5 kw pe r  t h r u s t e r  based on c u r r e n t  
technology. The s p e c i f i c  weight of t h e  t h r u s t e r s  and power condi t ion ing  equip- 
ment i s  20 pounds p e r  k i l o w a t t .  





Table 8-16. MARS BRAKING STAGE WEIGHT SUFIMARY 
Resi dua l s  
Tankage 
Engine 
P1 umbi ng 
Pressuri z a t i  on 
Thermal Control 
A t t i  tude Control 
S t r u c t u r e  
Contingency 
Table  8-1 7 .  EARTH BRAKING STAGE WEIGHT SUMMARY 
Pressuri z a t i  on 
Thermal Control 





Total  S tage  Weight 
The o r b i t e r / b u s  des ign  concept is based on j e t t i s o n i n g  a p o r t i o n  of t h e  
s o l a r  a r r a y s  and t h r u s t e r  modules j u s t  a f t e r  Mars sp i r a l -ou t  escape.  
p o r t i o n  t o  be  j e t t i s o n e d  w a s  i t e r a t i v e l y  determined based on a c r i t e r i o n  of 
matching t h e  r equ i r ed  opt imal  t h r u s t  a c c e l e r a t i o n  f o r  t h e  low-energy Ear th  
r e t u r n  (SEP) t r a j e c t o r y .  A weight summary of t h e  SEP system i s  g iven  i n  
Table 8-18. 
The 
Orbi ter /Bus Module 
The b a s i c  o r b i t e r / b u s  module weights  f o r  t h e  so l a r - e l ec t r i c / chemica l  con- 
cept  are e s s e n t i a l l y  i d e n t i c a l  t o  t h e  a l l -chemica l  concept except  f o r  t h e  power 
and mechanical subsystems. 
t h e  s t r u c t u r e  i s  h e a v i e r  t o  c a r r y  t h e  loads  of t h e  a r r a y s .  
The power is  provided by t h e  SEP s o l a r  a r r a y s  and 
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Table 8-1 8. SOLAR-ELECTRIC PROPULSION SYSTEM WEIGHT SUMHARY 
SYSTEM ELEMENT 
So la r  Arrays 
Propel 1 a n t  (Mercury) 
Tankage 
Thrusters and Power Condi t i  oni ng 
Total  System Weight 
AT EARTH 
DEPARTURE 




2467 l b  
AT MARS 
DEPARTURE 




628 l b  




Communi c a t i o n s  
Power ( B a t t e r i e s )  
Data S torage  
Computer and Command 
Pyrotechni cs 
Cabling and Harness 
Tempe r a  ture Control 
Mechanical Devi ces 
Atti tude  Control Inerts 
Atti tude  Control P rope l l an t s  
Docki ng Adapter 
Rendezvous Radar 
S t r u c t u r e  
Red u n d an cy 
Conti ngency 
Total  Weight 
OUTBOUND 
CON F I GU RAT I 0 N 
















1466 l b  
INBOUND 
CONFIGURATION 
















719 l b  
A s  i n  t h e  al l -chemical  concept,  o r b i t e r / b u s  equipment modules are  j e t t i -  
soned i n  Mars o r b i t  i n  o r d e r  t o  reduce t h e  g ross  Ea r th  depa r tu re  weight re- 
quirement. A weight summary of t h e  o r b i t e r / b u s  i n  bo th  the  outbound and 




8.2.3 Preliminary Program Schedule 
From t h e  l e v e l  of  d e t a i l  achieved du r ing  t h i s  s tudy  t h e r e  w e r e  no d i s -  
cernable  d i f f e r e n c e s  between t h e  o v e r a l l  program schedule  prepared f o r  t h e  
dua l  d e p a r t u r e  so l a r - e l ec t r i c / chemica l  concept and t h e  dua l  depa r tu re  a l l -  
chemical concept (F igure  8-6, subsec t ion  8 .1 .3) .  Both systems were based on 
1971 technology and are v i r t u a l l y  i d e n t i c a l  except  f o r  t h e  s o l a r - e l e c t r i c  pro- 
pu l s ion  system. The schedules  f o r  t h e  1977 and 1979 miss ion  o p p o r t u n i t i e s  
were shown i n  F igures  8-7 and 8-8. 
8.2.4 Preliminary Cost 
The c o s t i n g  groundrules  f o r  t h i s  concept are i d e n t i c a l  t o  t hose  i n  sub- 
s e c t i o n  8.1.4 f o r  t h e  dua l  depa r tu re  a l l -chemica l  concept .  Table  8-20 summarizes 
t h e  es t imated  c o s t s  by c o s t  element.  The t o t a l  c o s t  less recovery i s  $ 9 7 1  
m i l l i o n .  Th i s  i s  $80 m i l l i o n  g r e a t e r  t han  f o r  t h e  dua l  depa r tu re ,  a l l -chemical  
system (subsec t ion  8 .1) .  
Table 8-20 PRELIMINARY COST ESTIMATE FOR DUAL LAUNCH .) SOLAR- 
ELECTRIC/CHEMICAL MISSION/SYSTEM CONCEPT. 
COST ELEMENT COST (NILLIONS OF DOLLARS) 
Design and Development 
Produc t ion  
Operat ions 
Launch Vehi c l e s  






* Recovery cos ts  n o t  i nc luded  
8.2.5 Supporting Technology Requirements 
The suppor t ing  technology requirements  f o r  t h e  d u a l  depa r tu re  s o l a r -  
e l e c t r i c / c h e m i c a l  system are e s s e n t i a l l y  i d e n t i c a l  t o  t h e  d u a l  depa r tu re  a l l -  
chemical concept w i th  t h e  a d d i t i o n  of t h e  SEP r e l a t e d  requirements .  
The requirements  f o r  t h e  s o l a r - e l e c t r i c / c h e m i c a l  system then become those  




Retractable Roll-Out Solar Arrays 
Use of solar-electric primary propulsion for the orbiter/bus vehicle has 
attractive potential for the MSSR mission. This application requires that 
solar arrays be retracted for a chemical capture maneuver at Mars and re- 
deployed (at least partially) in Mars orbit. Some mission modes require multi- 
ple retraction/deployment cycles. 
relatively long duration missions. 
This technology must be demonstrated for 
The objective of this activity is the development and demonstration of 
reliable retractable/deployable roll-out solar arrays for the solar-electric 
MSSR orbiter/bus. 
Low Thrust Trajectories 
Solar-electric primary propulsion offers a means to shorten the total MSSR 
mission duration over that required for low-energy all-chemical conjunction 
class missions. 
system concepts. 
jectories and performance to determine the mission time savings available. 
The return concepts must be carefully integrated with the total mission/system 
approach. The possible use of Venus swingbys should be considered. 
This is of particular interest for Titan 111 D/Centaur class 
An in-depth analysis needs to be made of Mars-to-Earth tra- 
The objective of this activity is to determine the full potential of low 
thrust solar-electric systems for reducing MSSR mission duration. 
8.3 SINGLE LAUNC -CHEMICAL CONCEPT 
This system concept requires a gross Earth departure weight of approxi- 
mately 34,000 pounds based on 1971 technology. 
the Saturn Intermediate-20/Centaur launch vehicle which has a 36,200-pound 
capability for the 1975 launch opportunity. 




8.3.1 Mission Profile 
The preliminary mission profile for the single launch all-chemical con- 





























8.3.2 System Description 
The system (from t h e  Ea r th  launch v e h i c l e  i n t e r f a c e  forward) c o n s i s t s  of 
an Ear th  launch v e h i c l e  adap te r ,  Mars braking  s t a g e ,  Mars depa r tu re  s t a g e ,  
Ear th  brak ing  s t a g e ,  o r b i t e r / b u s  module, probe mounting s t r u c t u r e ,  d e o r b i t  
p ropuls ion  module, and t h e  l ande r / a scen t  probe. 
f i g u r a t i o n  developed f o r  t h e  system is presented  i n  F igu re  8-13. 
weight summary is g iven  i n  Table  8-21. 
The p re l imina ry  system con- 
A system 
8.3.2.1 Ea r th  Launch Vehic le  Adapter. 
t h e  mechanical i n t e r f a c e  between t h e  Centaur s t a g e  and t h e  Mars braking  s t a g e  
of t h e  p l a n e t a r y  v e h i c l e .  The adap te r  is  a t u b u l a r  t r u s s  s t r u c t u r e  es t imated  
t o  weigh 334 pounds. 
The Ea r th  launch v e h i c l e  a d a p t e r  i s  
i n  fou r  s p h e r i c a l  t anks .  Propuls ion  is provided 
pound t h r u s t  engines .  The p r o p e l l a n t  and engine  
i n  Table 5-3 (Sec t ion  V). The MBS a l s o  con ta ins  
employed du r ing  t h e  outbound l e g  of t h e  miss ion .  
i n  Table  8-22. 
8.3.2.2 Mars Braking Stage .  The Mars Braking S tage  (MBS) performs t h e  out -  
bound midcourse c o r r e c t i o n  maneuvers, t h e  Mars braking  maneuver, and t h e  Mars 
o r b i t  t r i m  maneuvers. The MBS con ta ins  15,240 pounds of N204/MMH p r o p e l l a n t s  
by a c l u s t e r  of t h i r t e e n  325- 
c h a r a c t e r  i s  t i cs are p res  en  t ed 
t h e  a t t i t u d e  c o n t r o l  system 
A weight summary i s  presented  
8.3.2.3 Mars Departure  Stage.  The Mars depa r tu re  s t a g e  (MDS) performs t h e  
Mars o r b i t  rendezvous maneuvers and t h e  Mars depa r tu re  maneuver. The MDS con- 
t a i n s  a t o t a l  of 4407 pounds of N204/MMH p r o p e l l a n t s  i n  fou r  s p h e r i c a l  t anks .  
Propuls ion  is  provided by f i v e  325-pound t h r u s t  engines .  The engine charac te r -  
ist ics are i d e n t i c a l  t o  t h e  Mars Braking Stage .  A weight  summary i s  presented  
i n  Table  8-23. 
8.3.2.4 Ea r th  Braking Stage .  The Ea r th  brak ing  s t a g e  (EBS) performs t h e  in-  
bound midcourse t r a j e c t o r y  c o r r e c t i o n  maneuvers, and t h e  Ea r th  brak ing  maneuver. 
The EBS con ta ins  a t o t a l  of 1864 pounds of N204/Aerozine-50 p r o p e l l a n t s  i n  
f o u r  s p h e r i c a l  t anks ,  The t h r u s t  i s  provided by a s i n g l e  325-pound t h r u s t  
engine.  
Departure  S tages .  
The engine i s  t h e  same as t h a t  employed i n  t h e  Mars Braking and 
A weight summary i s  presented  i n  Table  8-24. 
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1 
- 
/--Iv INT-ZOkENTAUR SHROUD (MSFC) 
340 IN. 
LANDER /ASCENT PROBE 
DEORBIT PROPULSION MODULE 
SCAN PLATFORM 
ORBITER/BUS MODULE 
EARTH BRAKING STAGE 
MARSDEPARTURE STAGE 
MARS BRAKING STAGE 
8 LAUHCH VEHICLE ADAP TER 
F igu re  8-13. SINGLE LAUNCH ALL-CHEMICAL SYSTEM CONFIGURATION 
8-41 
NORTHRBP TR-842 














- I z  
3 
0 
n Z  




















































































. .  .. L .. 
8-42 
TR-842 
H U NTSV I LL E 








P1 umbi ng 
P r e s s u r i z a t i o n  
Thermal Control 
Atti tude  Control ( I n e r t )  
Atti tude  Control ( P r o p e l l a n t s )  
S t r u c t u r e  
Contingency 
Total  S tage  Weight 











15,586 l b  
Tab1 e 8-23. MARS DEPARTURE STAGE WEIGHT SUt'tlARY 




P1 umbi ng 
Pressuri r a t i o n  
Thermal Control 
S t r u c t u r e  
Contingency 
Total  S taqe  Weight 









5,065 l b  
Table  8-24. EARTH BRAKING STAGE WEIGHT SUl\lflARY 
Thermal Control 




8.3.2.5 Orbiter /Bus Module. The o r b i t e r l b u s  module c o n s i s t s  of t h e  Viking 
o r b i t e r  s c i ence ,  s e l e c t e d  Viking o r b i t e r  subsystems, and o t h e r  subsystems 
based on e x i s t i n g  technology. The subsystems s e l e c t e d  from t h e  Viking o r b i t e r  
inc lude  t h e  communications, power, d a t a  s t o r a g e ,  computer and command, pyro- 
t echn ic s ,  and cab l ing  and harness .  The remaining subsystems are based on 1 9 7 1  
technology. 
Orb i t e r /bus  equipment n o t  requi red  f o r  t h e  inbound l e g  of t h e  mission a r e  
j e t t i s o n e d  i n  Mars o r b i t .  This  w i l l  r e q u i r e  packaging most of t h e  subsystems 
i n t o  modules t o  be r e t a i n e d  o r  j e t t i s o n e d .  A weight summary of t h e  o r b i t e r /  
bus module i n  both t h e  outbound and inbound conf igu ra t ions  is  presented  i n  
Table 8-25. The o r b i t e r / b u s  module descr ibed  above is  e s s e n t i a l l y  i d e n t i c a l  
t o  t h a t  p rev ious ly  descr ibed  i n  subsec t ion  8.1 f o r  t h e  dua l  a l l -chemical  
concept .  
8 .3 .2 .6  Probe Mounting S t r u c t u r e .  The probe mounting s t r u c t u r e  provides  t h e  
mechanical i n t e r f a c e  btween t h e  Ea r th  braking stage. and t h e  l ande r / a scen t  
probe. The probe mounting s t r u c t u r e  i s  a t u b u l a r  t r u s s  s t r u c t u r e  es t imated  
t o  weigh 318 pounds. 






Computer and Command 
Pyrotechnics  
Cabling and Harness 
Tempera t u  re 
Mechanical Devi ces 
Atti tude Control I n e r t s  
Atti tude  Control P rope l l an t s  
Docking Adapter 
Rendezvous Radar 
S t r u c t u r e  
Red u n da n cy 
Contingency 




















1630 l b  
INBOUND 
CON FI GURAT I ON 
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8.3.2.7 S t e r i l i z a t i o n  C a n i s t e r .  The s t e r i l i z a t i o n  c a n i s t e r  o r  b i o s h i e l d ,  
provides  contamination p r o t e c t i o n  t o  t h e  l a n d e r / r e t u r n  probe from s t e r i l i z a t i o n  
a t  Earth t o  Mars o r b i t .  The c a n i s t e r  is  est imated t o  weigh 401 pounds. 
8.3.2.8 Probe Deorbit  Module. The probe d e o r b i t  module provides  t h e  AV im- 
pu l se  r equ i r ed  t o  d e o r b i t  t h e  probe a f t e r  i t s  s e p a r a t i o n  from t h e  o r b i t e r / b u s  
i n  Mars e l l i p t i c a l  o r b i t .  The module c o n t a i n s  a t o t a l  of 209 pounds of N 2 0 4 /  
MMH p r o p e l l a n t s  i n  f o u r  s p h e r i c a l  tanks and employs a s i n g l e  325-pound t h r u s t  
engine.  A weight summary of t h e  module i s  p resen ted  i n  Table 8-26. It i s  
noted t h a t  t h e  d e o r b i t  module should be enclosed i n  t h e  s t e r i l i z a t i o n  c a n i s t e r .  
8.3.2.9 Lander/Ascent Probe.- The l a n d e r l a s c e n t  probe def ined f o r  t h e  s i n g l e  
launch, a l l -chemical  system i s  f u n c t i o n a l l y  i d e n t i c a l  t o  t h e  probe p rev ious ly  
descr ibed f o r  t h e  d u a l  d e p a r t u r e ,  a l l -chemical  system i n  subsec t ion  8.1. The 
probe c o n s i s t s  of an aerobraking system, l a n d e r ,  r o v e r ,  and Mars ascen t  v e h i c l e  
(MAW * 
The l a n d e r ,  r o v e r ,  and MAV are i d e n t i c a l  t o  those  descr ibed i n  subsec t ion  
8.1. The aerobraking system weight i s  reduced from 1542 pounds t o  1178 pounds 
because of t h e  lower e n t r y  v e l o c i t y ,  h e a t i n g  rates,  and e n t r y  "g" l e v e l s  
a s s o c i a t e d  wi th  entry-out-of-orbit  v e r s u s  d i r e c t  e n t r y  from t h e  approach 
hyperbola. 
Table 8-27. A c o n f i g u r a t i o n  drawing and d e t a i l e d  weights of t h e  l ande r  and 
MAV were p resen ted  i n  s u b s e c t i o n  8.1. 
A weight summary of t h e  l a n d e r / a s c e n t  probe i s  presented i n  
8.3.3 Preliminary Program Schedule 
For t h e  l e v e l  of d e t a i l  achieved du r ing  t h i s  five-week s tudy t h e r e  w e r e  
no d i s c e r n a b l e  d i f f e r e n c e s  between t h e  o v e r a l l  program schedule f o r  t h e  s i n g l e  
launch, a l l -chemical  system and t h e  p re l imina ry  program schedule p rev ious ly  
presented i n  subsec t ion  8.1.3 f o r  t h e  dua l  d e p a r t u r e  a l l -chemical  system. 
The same (1971) technology base  w a s  assumed f o r  system development and many 
of t h e  subsystems are i d e n t i c a l ,  A p a r a l l e l  launch v e h i c l e  development program 
would be r e q u i r e d ,  however, t o  make t h e  Saturn INT-20/Centaur v e h i c l e  a v a i l a b l e  
f o r  t h e  1975 launch oppor tun i ty .  The p re l imina ry  schedules  f o r  t h e  1977 and 
1979 mission o p p o r t u n i t i e s  are t h e  same as f o r  t h e  dua l  depa r tu re  concept i n  
subsec t ion  8.1.3. 
8-45 
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Table 8-26 PROBE DEORBIT MODULE WEIGHT SUMMARY 




P1 umbi ng 
Pressuri z a t i  on 
Thermal Control 
Pyrotechnics  
S t r u c t u r e  
Contingency 
Total  Module Weight 










278 l b  
Tab1 e 8-27. LANDER/ASCENT PROBE WE1 GHT SUMMARY 
(ENTRY -OUT -OF-ORB IT)  





Heatshi el d 
AID 
A t t i  tude  Control I n e r t s  
Atti tude Control Propel 1 a n t s  
Terminal Descent Propel 1 a n t s  
Contingency 












I 6,086 l b  
8.3.4 Preliminary Cost 
The c o s t i n g  groundrules  f o r  t h i s  concept are i d e n t i c a l  t o  those  presented  
i n  subsec t ion  8 . 1  f o r  t h e  dua l  depa r tu re ,  a l l -chemica l  concept.  Table 8-28 
summarizes t h e  es t imated  c o s t s  by c o s t  element.  The t o t a l  program less re- 
covery c o s t  i s  $1078 m i l l i o n ,  This  i s  approximately $190 m i l l i o n  more than 
t h e  es t imated  t o t a l  c o s t  f o r  the dua l  depa r tu re ,  a l l -chemical  system (subsec- 
t i o n  8.1). 
8.3.5 Supporting Technology Requirements 










all-chemical systems and missions, the supporting technology requirements f o r  
the single launch concept are essentially identical to those presented in sub- 
section 8.1.5. 
Tab1 e 8-28. PRELIMINARY COST ESTIMATE FOR SINGLE LAUNCH, 
ALL-CHEMICAL MISSION/SYSTEM CONCEPT. 
COST ELEMENT 
Design and Development 
Production 
Operati  ons 
Launch Vehicle 
Devel opmen t ( 100) 
Production (90) 
Total  Costs* 
* Recovery c o s t s  n o t  included 
COST 









This s e c t i o n  summarizes t h e  conclusions drawn from t h e  r e s u l t s  of t h e  
p re sen t  s tudy and g ives  s p e c i f i c  recommendations f o r  follow-on a c t i v i t i e s  
which appear t o  be r e q u i r e d  i f  t h e  automated MSSR concept is  t o  be pursued by 
NASA e 
9.1 CONCLUSIONS 
The conclusions are summarized as fol lows:  
e The s e l e c t i o n  of s p a c e c r a f t  concept and launch v e h i c l e  s t r o n g l y  depends 
on t h e  Earth r e t u r n  i n t e r c e p t / r e c o v e r y  requirement o r  groundrule  
adopted f o r  t h e  mission. 
I f  d i r e c t  r een t ry / r ecove ry  i s  accep tab le ,  t hen  t h e  Dual Departure,  A l l -  
Chemical T i t a n  IIID/Centaur concept o f f e r s  a promising low-cost 
approach. 
e I f  cap tu re / r ecove ry  i s  r equ i r ed ,  t h e n  two promising a l t e r n a t i v e s  t o  
t h e  above approach are: 
* The Dual Departure ,  Solar-Electric/Chemical, T i t a n  IIID/Centaur 
* The S i n g l e  Launch, All-Chemical, INT-20/Centaur Concept. 
e The d u a l  depa r tu re ,  s o l a r - e l e c t r i c / c h e m i c a l  a l t e r n a t i v e  o f f e r s  
p o t e n t i a l  c o s t ,  mission f l e x i b i l i t y ,  and l ande r -o rb i t e r  i n t e r f a c e  
advantages over t h e  INT-ZO/Centaur s i n g l e  launch approach. 
With r ega rd  t o  mission f l e x i b i l i t y ,  t h e  d u a l  depareure concept o f f e r s  
t h e  p o s s i b i l i t y  of u s i n g  m u l t i p l e  l ande r / a scen t  probes t o  sample more 
than  a s i n g l e  Mars si te.  ( P r o b a b i l i t y  of mission success  can a l s o  b e  
inc reased . )  The l ande r  o r  o r b i t e r  could perform missions as indepen- 
dent  payloads.  General ly ,  t h e  d u a l  ( o r  m u l t i p l e )  depa r tu re  concept 
o f f e r s  an approach adap tab le  t o  a broad range of automated Mars 
missions.  For  example, t h e  probe a s c e n t  v e h i c l e  could be r ep laced  
by a 2000-pound class mobile s u r f a c e  l a b o r a t o r y  and launched as a 
s e p a r a t e  mission. 
e With regard t o  o r b i t e r - l a n d e r  i n t e r f a c e ,  t h e  d u a l  d e p a r t u r e  concept 
minimizes performance and system interdependence between t h e  l a n d e r /  
r e t u r n  probe and o r b i t e r / b u s  v e h i c l e .  
The fol lowing conclusions are drawn regarding 1975 MSSR mission 





The t h r e e  s e l e c t e d  mission/system concepts i d e n t i f i e d  above appear 
p o s s i b l e  us ing  1971 technology 
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>k Program r e q u i r e s  January 1971 Phase A s tart  
* Requires January 1972 program commitment 
A Requires i n t e n s i v e  CY 1971 Phase AIPhase B s tudy  program. 
9.2 RECOMMENDATIONS 
Following i s  a summary of recommendations based on t h e  r e s u l t s  of t h e  
p r e s e n t  study: 
0 F u r t h e r  a n a l y s i s  i s  needed on t h e  a p p l i c a t i o n  of MarinerIViking 
subsystems t o  t h e  MSSR mission. This  i s  p a r t i c u l a r l y  c r i t i ca l  i f  a 
1975 mission is  t o  be considered. 
A s tudy  should be performed t o  f u r t h e r  analyze a l t e r n a t i v e  l ande r  
probe d e c e l e r a t i o n  systems using d i r e c t  (hype rbo l i c ) ,  l i f t i n g  e n t r y  
and h igh  b a l l i s t i c  c o e f f i c i e n t s  (of t h e  o r d e r  of 1 s l u g / f t 2 ) .  
a l t e r n a t i v e  c o n f i g u r a t i o n s  f o r  t h e  more promising system approaches. 
This would al low f u r t h e r  v e r i f i c a t i o n  of system weights and mission 
concepts p r i o r  t o  a Phase A e f f o r t .  
promising al l -chemical  and s o l a r - e l e c t r i c  concepts t o  provide f u r t h e r  
v i s i b i l i t y  i n t o  t h e  c r i t i c a l i t y  of system des ign  parameter assumptions. 
0 Because of t h e  p o s s i b i l i t y  of using Venus swingby mission modes 
t o  s h o r t e n  mission d u r a t i o n ,  f u r t h e r  i n v e s t i g a t i o n  of space 
s t o r a b l e  p ropu l s ion  systems should b e  conducted.* 
0 F u r t h e r  work is  needed t o  analyze t h e  f u l l  p o t e n t i a l  of s o l a r -  
e l e c t r i c  propuls ion t o  s h o r t e n  mission d u r a t i o n .  
0 F u r t h e r  a n a l y s i s  is  needed t o  e s t a b l i s h  a l t e r n a t i v e  design approaches 
t o  a l leviate  probe diameter  problems i n  t h e  promising d u a l  i n t e r -  
p l a n e t a r y  launch concept.  
0 An a n a l y s i s  should be conducted t o  e s t a b l i s h  t h e  c o m p a t i b i l i t y  of 
planned Viking experiments and in s t rumen ta t ion  wi th  requirements of 
an  e a r l y  MSSR mission.  
f a i l - s a f e  d i r e c t  r een t ry l r ecove ry  system concepts.  
A c o s t  a n a l y s i s  should be performed t o  compare t h e  d i r e c t  r e e n t r y /  
recovery and o r b i t a l  cap tu re l r ecove ry  approaches. 
comparison of r e l i a b i l i t y  of a l t e r n a t i v e  recovery approaches should 
be made. 
A s tudy  of t h e  Earth cap tu re l r ecove ry  approach using a sub-module 
of t h e  r e t u r n  o r b i t e r l b u s  s p a c e c r a f t  should be conducted t o  f u r t h e r  
analyze t h e  f e a s i b i l i t y  of t h i s  approach us ing  T i t a n  c l a s s  launch 
v e h i c l e s  i n  t h e  d u a l  depa r tu re  concept.  
0 
0 An ex tens ion  of t h e  c u r r e n t  e f f o r t  should be made t o  develop 
0 System performance exchange r a t i o s  should b e  generated f o r  t h e  
c) An in-depth design a n a l y s i s  should b e  performed t o  i n v e s t i g a t e  
a 
A p re l imina ry  
- 
*INT'-2O/Centaur class systems using all-chemical space storable propulsion 
f o r  Mars braking (and possibly departure) stage permit consideration of 
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This  appendix d e s c r i b e s  t h e  so l a r - e l ec t r i c / chemica l  mission/system pe r fo r -  
mance and weight  a n a l y s i s  program developed du r ing  t h i s  s tudy  e f f o r t .  This  
program w a s  u t i l i z e d  t o  compute much of t h e  so l a r - e l ec t r i c / chemica l  v e h i c l e  
weights  and performance d a t a  generated du r ing  t h e  s tudy .  
The program computes a mission mass h i s t o r y  f o r  a s p e c i f i e d  sample r e t u r n  
weight ,  miss ion  mode combination, s p e c i f i e d  o r b i t e r / b u s  systems module weight 
a t  e a r t h  r e t u r n ,  and a s p e c i f i e d  set of performance parameters  f o r  t h e  r equ i r ed  
chemical and s o l a r  e lec t r ic  propuls ion  systems. During t h e  computation, an  
i t e r a t i o n  w a s  made on t h e  r equ i r ed  o r b i t e r / b u s  module weight t o  determine t h e  
necessary  g ross  e a r t h  depa r tu re  weight .  An a d d i t i o n a l  i t e r a t i o n  w a s  made du r ing  
t h e  computation t o  opt imize  t h e  f r a c t i o n  of s o l a r  pane l s  j e t t i s o n e d  a t  Mars such 
t h a t  a n  i n p u t  optimum thrust-to-weight is  achieved f o r  t h e  SEP r e t u r n  l e g  of t h e  
mission.  
The program output  c o n s i s t s  of a summary of a l l  major system weights  com- 
p a t i b l e  wi th  t h e  s p e c i f i e d  miss ion  mode and des i r ed  sample r e t u r n  weight .  Addi- 
t i o n a l l y ,  t h e  program gene ra t e s  des ign  power requirements;  power p l a n t  e f f i c i e n -  
c ies ,  s o l a r  a r r a y  area, power p l a n t  weight ,  and t i m e  t o  sp i r a l -ou t  f o r  a SEP 
Mars escape ( i f  t h a t  mode is  s p e c i f i e d )  . 
The system des ign  requirements  of t h e  so l a r - e l ec t r i c / chemica l  o r b i t e r / b u s  
v e h i c l e  are determined by t h e  miss ion  concepts .  These are: (1) m u l t i p l e  
i n t e r p l a n e t a r y  launch wi th  no probe aboard,  (2 )  a s i n g l e  launch which carries 
t h e  Mars l a n d e r / r e t u r n  probe wi th  a s s o c i a t e d  suppor t ing  s t r u c t u r e ,  s t e r i l i z a -  
t i o n  c a n i s t e r ,  e tc . ,  and ( 3 )  Ear th  o r b i t  rendezvous depa r tu re .  
The o r b i t e r / b u s  v e h i c l e  w a s  f u n c t i o n a l l y  d iv ided  i n t o  p ropu l s ive  modules 
designed t o  e f f i c i e n t l y  perform t h e  r e s p e c t i v e  miss ion  v e l o c i t y  increments .  




t h e  p a r t i c u l a r  module i n  performing i t s  p ropu l s ive  f u n c t i o n  without  i n c u r r i n g  
e i t h e r  (1) a l a r g e  Earth depa r tu re  weight pena l ty  o r  (2) excess ive  mission 
du ra t ion  inc reases .  
From t h e  o u t s e t  of t h e  s tudy  i t  w a s  clear t h a t  c e r t a i n  s p e c i f i c  propuls ive  
func t ions  of t h e  MSSR mission could no t  b e  performed by SEP, f o r  example, maneu- 
v e r s  r e q u i r i n g  a s p e c i f i e d  thrust-to-weight r a t i o  of any s i g n i f i c a n t  magnitude, 
such as escape from t h e  Mars su r face .  Thus, t h e  l ande r / a scen t  probe w a s  neces- 
s a r i l y  based on al l -chemical  systems. I n  c o n t r a s t ,  t h e  o r b i t e r / b u s  v e h i c l e  
appeared q u i t e  open t o  employment of SEP f o r  almost every major propuls ive  
f u n c t i o n  wi th  t h e  p o s s i b l e  except ion of Mars o r b i t  rendezvous. 
I n  o rde r  t o  s a t i s f y  t h e  c r i t e r i o n  of avoiding excess ive  i n c r e a s e s  i n  m i s -  
s i o n  du ra t ion ,  c e r t a i n  propuls ive  func t ions  were e l imina ted  from cons ide ra t ion  
f o r  SEP, even though i t  appeared t h a t  SEP could s u c c e s s f u l l y  be  u t i l i z e d  i f  
given s u f f i c i e n t  t i m e .  These were: (1) s p i r a l  escape from Ear th ,  (2) s p i r a l  
Mars capture ,  and ( 3 )  s p i r a l  Earth cap tu re .  The s p i r a l  escape mode a t  Mars w a s  
r e t a i n e d  as a p o t e n t i a l l y  a t t r a c t i v e  means of reducing Ear th  depa r tu re  weight 
requirements  wi thout  s i g n i f i c a n t  impact on t o t a l  mission du ra t ion  f o r  t h e  class 
of low-energy missions under cons ide ra t ion .  
F igure  A-1 d e p i c t s  t h e  m u l t i p l e  i n t e r p l a n e t a r y  launch mission mode op t ions  
modeled i n  t h e  performance program. The f o u r  mission/systern concepts analyzed 
by t h e  program are as summarized i n  Table A-1.  
Considera t ion  of t h e  s i n g l e  launch mission mode op t ions  r e s u l t e d  i n  
d e f i n i t i o n  of 12 mission combinations which w e r e  modeled i n  t h e  computer pro- 
gram. These are summarized i n  Table  A-2. Figure  A-2 o u t l i n e s  t h e  program 
op t  i ons  . 
The e a r t h  o r b i t  rendezvous (EOR) d e p a r t u r e  mode concepts were analyzed by 
u t i l i z i n g  the  output  s p a c e c r a f t  weights  of t h e  s i n g l e  launch concept op t ion  
and adding t h e  EOR equipment and appropr i a t e  propuls ion  weights .  The Centaur 
o r b i t a l  i n j e c t i o n  s t a g e  w a s  added by hand computations.  
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Table A-1. MULTIPLE INTERPLANETARY LAUNCH CONCEPT ALTERNATIVES 
e CHEMICAL TRANS-MARS INJECTION 
e SEP EARTH-MARS TRANSFER 
CHEMICAL MARS CAPTURE INTO 
CIRCULAR ORBIT 
e CHEMICAL MARS ORBIT RENDEZVOUS 
o SEP MARS-EARTH TRANSFER 
SEP S p i r a l  -Out D i r e c t  Reentry 
SEP Spi ra l -Out  Chemical Capture 
Chemical Impulse D i r e c t  Reentry 
Chemical Impul se Chemical Capture 
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Table A-2. SINGLE LAUNCH CONCEPT ALTERNATIVES 
CHEMICAL TRANS-MARS INJECTION 
SEP EARTH-MARS TRANSFER 
CHEMICAL MARS ORBIT RENDEZVOUS 
SEP MARS-EARTH TRANSFER 
SEP Spiral - O u t  Chemical Capture 
Chemical Impul se  Direct Reentry 
SEP Spiral - O u t  Direct Reentry 
SEP Spiral-Out Chemical Capture 
Chemical Impul se Direct Reentry 
Chemical Impulse Direct Reentry 
Chemical Capture 
(1)  OCO = Entry O u t  o f  Circular Orbit 
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The equa t ions  used i n  t h e  mission/system performance a n a l y s i s  model are 
o u t l i n e d  i n  t h e  fol lowing paragraphs.  
The SEP power requirement a t  one AU from t h e  sun i s  given by 
where 
C = u n i t s  conversion f a c t o r  (.001356) 
a = i n i t i a l  t h r u s t  a c c e l e r a t i o n  (g) 
2 0 
= 32.174 f t / s e c  
g0 
I = s p e c i f i c  impulse of t h e  SEP system ( sec )  
SP 
W = n e t  s p a c e c r a f t  e a r t h  d e p a r t u r e  weight ( l b )  n 
n = e f f i c i e n c y  of t h e  t h r u s t e r  subsystem 
P = a u x i l i a r y  s p a c e c r a f t  power requirement (kw) aux 
The e f f i c i e n c y  n of t h e  t h r u s t e r  subsystem is  r e l a t e d  t o  s p e c i f i c  impulse 




1 4 . 3  )-, n =  
SP 
The r equ i r ed  area of t h e  s o l a r  a r r a y s  i s  given by 
A = 100(PIAu + Paux) sa 
where power i s  i n  k i l o w a t t s .  





a = s p e c i f i c  weight of s o l a r  a r r a y s  (lb/kw) 
a = s p e c i f i c  weight of t h e  i o n  t h r u s t e r s  and a s s o c i a t e d  power cond i t ion ing  
SP 
it equipment (lb/kw) 
The SEP p r o p e l l a n t  tank and feed system weight is  given by 
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= K ( W  + W  + W  ) ' S E P ~  t po p i  pso (A-5) 
where 
1.; = tank and f e e d  system f a c t o r  f o r  mercury p r o p e l l a n t  
Lr 
P O  
W = SLP p r o p e l l a n t  weight f o r  Earth-Mars t r a n s f e r  
W = SEP p r o p e l l a n t  f o r  Mars-Earth t r a n s f e r  
PSO 
P i  
W = SEP p r o p e l l a n t  f o r  Mars escape ( s p i r a l  escape mode op t ion )  
A.4 OUTBOUND MISSION WEIGHT EQUATIONS 
L e t  W b e  t h e  g ross  Ea r th  d e p a r t u r e  weight of t h e  s p a c e c r a f t .  The n e t  
g 
is  t h e  gross  weight less t h e  launch v e h i c l e  a d a p t e r ,  o r  'n 9 d e p a r t u r e  weight ,  
( l b )  (A-6) 
where K is  an adap te r  weight constant .  
adP 
The outbound SEP p r o p e l l a n t  weight i s  de f ined  by 
W = K  W 
P O  P O  n 
(A-7) 
where K i s  t h e  outbound p r o p e l l a n t  f r a c t i o n  based on t r a j e c t o r y  d a t a .  
PO 
The outbound weight expended f o r  a t t i t u d e  c o n t r o l  is  decined as 
Kacown w =  aco (A-8) 
where K i s  t h e  a t t i t u d e  c o n t r o l  expendables f r a c t i o n  of t h e  n e t  e a r t h  aco 
d e p a r t u r e  weight.  
The n e t  Mars a r r i v a l  weight is  computed by 
w = w  - w  - w  
na n PO aco (A-9 1 
A.5 CALCULATION OF POWERPLANT JETTISON WEIGHT 
I n  t h e  chemical Mars escape op t ion ,  a p o r t i o n  of t h e  s o l a r  a r r a y  and i o n  
t h r u s t e r s  ( inc lud ing  a s s o c i a t e d  power cond i t ion ing  equipment) are j e t t i s o n e d  
p r i o r  t o  Mars cap tu re .  The j e t t i s o n  weight is  optimized such t h a t  t h e  space- 
c r a f t  thrust-to-weight a t  Mars depa r tu re  matches t h e  i n p u t  t h r u s t  a c c e l e r a t i o n  
r e q u i r e d  f o r  t h e  Mars-Earth r e t u r n  t r a j e c t o r y .  I n  t h e  SEP s p i r a l - o u t  Mars 
A-8 




escape o p t i o n ,  t h e  computed p o r t i o n  of t h e  powerplant weight is  j e t t i s o n e d  
a f t e r  t h e  s p i r a l - o u t  maneuver. Determination of t h e  weight t o  be j e t t i s o n e d  
p r i o r  t o  Mars cap tu re  (chemical escape op t ion )  r e q u i r e s  an i t e r a t i v e  procedure 
as fol lows:  
A f a c t o r  B i s  de f ined  by t h e  r a t i o  , 
(A-10) 
where a and a are t h e  i n p u t  inbound and outbound t h r u s t  a c c e l e r a t i o n s ,  respec-  
t i v e l y  (given i n  g) 
impulses,  r e s p e c t i v e l y ,  and ni  and rl 
t h r u s t e r  subsystem e f f i c i e n c i e s ,  r e s p e c t i v e l y .  
i 0 
and I are t h e  inpu t  inbound and outbound s p e c i f i c  
I s p i  S P O  
are t h e  computed inbound and outbound 
0 
The power p l a n t  f r a c t i o n  t o  b e  j e t t i s o n e d  i s  given by t h e  expres s ion  
F1 = 1 - (wgeaa/wn) 
where 
W = g r o s s  Ea r th  a r r i v a l  weight computed du r ing  
gea 
The s o l a r  a r r a y  weight t o  be j e t t i s o n e d  i s  given by 
The t h r u s t e r  module weight t o  be j e t t i s o n e d  is  
' i t j m  = F  1 a i t  ('1AU - p  aux 1 
each i t e r a t i o n .  
and t h e  i g n i t i o n  weight of t h e  s p a c e c r a f t  f o r  Mars c a p t u r e  i s  
(Ib 1 - - me = 'na 'sajm ' i t j m  






and i t e r a t i n g  on t h i s  guess u n t i l  t h e  d e s i r e d  va lue  of F 
accuracy c r i t e r i o n  on t h e  s p a c e c r a f t  t h r u s t  a c c e l e r a t i o n  f o r  Earth r e t u r n .  
s a t i s f i e s  a s p e c i f i e d  1 
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.6.1 Multiple Launch Option (Orbiter/Bus Carries No Landar/Ascent Probe) 
The g r o s s  c a p t u r e  weight i n  Mars o r b i t  is  given by 
w = W  e -AV c/gIspc 
gc na 
where AV = v e l o c i t y  decrement f o r  capcure (m/sec) 
C 
I = s p e c i f i c  impulse f o r  t h e  chemical Mars braking s t a g e  ( sec )  
g = 9 . 8 1  m/sec 2 
SPC 
The p r o p e l l a n t  weight r e q u i r e d  f o r  c a p t u r e  i s  computed by the  expres s ion  
( l b )  (A-16) (1-e -AVc’gl spc )  w = w  pc na 
I n  t h e  chemical Mars 
p l a c e  of W i n  Equations na 
escape op t ion ,  W from equat ion A-14 i s  used i n  
A-15 and A-16.  
nme 
L e t  AVr = v e l o c i t y  budget f o r  o r b i t  t r i m  and rendezvous wi th  t h e  Mars 
(probe) a s c e n t  v e h i c l e .  Here w e  assume I = * i .e. the  same chemical 
propuls ion system i s  used f o r  Mars c a p t u r e  braking and la ter  f o r  rendezvous. 
The r equ i r ed  o r b i t  t r i m  and rendezvous p r o p e l l a n t s  weight is given by 
s p r  ‘spc’ 
(A-17) 
where W = s p a c e c r a f t  weight l o s s  i n  Mars o r b i t  i nc lud ing  a t t i t u d e  c o n t r o l  
and o the r  expendables. 
lo 
The weight f o r  i n i t i a t i o n  of t h e  Mars escape maneuver is  
- w  m e  gc - ‘10 - p r  + ‘sc j e  w = w  
Where W = excess  o r b i t e r / b u s  equipment j e t t i s o n e d  p r i o r  t o  t h e  Mars escape 
Wsc = weight of t h e  sample c a n i s t e r  r e t r i e v e d  from t h e  Nars a s c e n t  v e h i c l e  
j e  maneuver ( l b )  
( I b )  
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The sample c a n i s t e r  weight i s  based on a l i n e a r  s c a l i n g  l a w  as €011-ows: 
where W i s  
a c o e f f i c i e n t  
scf  
+ K  W sc = wscf s c  S a m  
a f ixed  inpu t  weight found from p o i n t  des ign  a n a l y s i s  and K i s  
r e l a t i n g  W t o  sample weight ,  W based on des ign  a n a l y s i s .  
sc  
s c  Sam'  
MA R ~ ~ R M A ~ C E  FOR SINGLE LAUNCH OPTION 
A l l  s i n g l e  launch Ear th  depa r tu re  concepts  are handled i d e n t i c a l l y  t o  t h e  
m u l t i p l e  depa r tu re  cases wi th  t h e  except ion  t h a t  t h e  system c a r r i e s  t h e  l ande r /  
a scen t  probe, s t e r i l i z a t i o n  c a n i s t e r ,  and a s soc ia t ed  suppor t ing  s t r u c t u r e .  The 
e n t r y  mode a f f e c t s  t h e  equat ions  which d e f i n e  Mars ar r iva l  and cap tu re  weights  
and t h e  cap tu re  v e l o c i t y  impulse requirements  d i f f e r  depending on e n t r y  mode. 
The t h r e e  Mars e n t r y  op t ions  are d iscussed  i n  t h e  fo l lowing  paragraphs.  
A.7.1 Direct Entry Option 
I n  t h i s  e n t r y  mode op t ion ,  t h e  probe is  r e l e a s e d  and e n t e r s  Mars' atmosphere 
' d i r e c t l y  p r i o r  t o  cap tu re  by t h e  o r b i t e r / b u s .  The n e t  Mars a r r i v a l  weight i s  
- - w  - w  - w  - w  (1b 1 (A-20) na  = 'n 'prob padp p s c  PO aco 
where W 
bus during Mars approach. The probe weight i s  def ined  i n  terms of sample  weight 
by t h e  s c a l i n g  equat ion  
= weight of t h e  l ande r / a scen t  probe a t  s e p a r a t i o n  from t h e  o r b i t e r /  prob 
1 'prob - Kpf -t- Kps ('Sam - 
h 
where K and K are cons t an t s  obtained from p o i n t  des ign  a n a l y s i s .  
Pf PS 
(A-21) 
The s t e r i l i z a t F o n  c a n i s t e r  weight W is  computed as a func t ion  of probe 
PSC 
weight by 
w =  p s c  Kpsc 'prob 





The probe mounting s t r u c t u r e  W is  def ined  as a func t ion  of probe 
PadP 
weight by 
W - W padp Kpadp prob 
where K is  a l s o  a cons t an t  found from p o i n t  des ign  d a t a .  
adP 
and W weights  are computed i d e n t i c a l l y  f o r  a l l  s i n g l e  
The 'prob' 'adp' PSC 
launch mission mode opt ions .  
I f  t h e  chemical Mars escape o p t i o n  i s  used, equat ions  A-10 through A-14 
are employed; p r o p e l l a n t  requirements  and g ross  cap tu re  weight are computed by 
equat ions  A-15 and A-16. 
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MARS ENTRY OUT OF ELLIPTICAL ORBIT OPTION 
N e t  Mars a r r i v a l  weight i s  given by equat ion  A-9 where W 
and W 
con ta ins  W n prob ' 
PadP 
The g ross  Mars cap tu re  weight is g iven  by equat ion  A-15 except t h e  inpu t  
v e l o c i t y  decrement is  t h a t  requi red  f o r  e l l i p t i c a l  cap tu re .  The p r o p e l l a n t  
r equ i r ed  f o r  e l l i p t i c a l  cap tu re  i s  given by equat ion  A-16 when t h e  a p p r o p r i a t e  
AV i s  s u b s t i t u t e d .  
Af t e r  e l l i p t i c a l  cap tu re ,  t h e  l ande r / a scen t  probe i s  separa ted  (fol lowed 
by t h e  s t e r i l i z a t i o n  c a n i s t e r  and probe mounting s t r u c t u r e )  from t h e  o r b i t e r /  
bus.  The probe then d e o r b i t s  and e n t e r s  t h e  Mars atmosphere. Af t e r  release 
of t h e  probe and a s s o c i a t e d  equipment, a maneuver is  performed by t h e  o r b i t e r /  
bus t o  achieve  a low o p e r a t i o n a l  c i r c u l a r  o r b i t .  The p r o p e l l a n t  weight r equ i r ed  
f o r  t h i s  maneuver is  given by t h e  express ion  
- - w  - W  ) ( 1 - e  ~ rn /~ ' spc )  (A-2 4 ) ' Pcm = "gc 'prob padp psc  
where AV = v e l o c i t y  increment r equ i r ed  f o r  t h e  o r b i t  c i r c u l a r i z a t i o n  maneuver. c m  
The p r o p e l l a n t s  weight f o r  o r b i t  t r i m  and rendezvous maneuvers i s  
" :. 
4 
- -W - W -W ) (1-e -AV r /g I  spc)  (A-25) 




where AV = t h e  v e l o c i t y  budget f o r  o r b i t  t r i m  and rendezvous. r 
The s p a c e c r a f t  weight f o r  i n i t i a t i o n  of t h e  Mars escape maneuver i s  
z iven  by 
w =  -W -W -W -W -W + W -W ( l b )  (A-26) m e  'gc -'prob padp psc pcm p r  l o  sc j e  
Equat ions A-10 through A-14 are a l s o  employed p r i o r  t o  Mars cap tu re  i f  t h e  
chemical Mars escape o p t i o n  i s  used i n  l i e u  of t h e  SEP sp i r a l -ou t  mode. 
A.9 F C I ~ C ~ L A ~  ORBIT OPTION 
The n e t  Mars a r r i v a l  weight is computed by equat ion  A-9 where W i nc ludes  n 
t h e  probe, and probe mounting s t r u c t u r e  and s t e r i l i z a t i o n  c a n i s t e r  as  i n  a l l  
s i n g l e  launch cases .  The g ross  c a p t u r e  weight i n  Mars o r b i t  i s  given by equa- 
t i o n  A-15 where t h e  v e l o c i t y  decrement is  t h a t  r equ i r ed  f o r  cap tu re  i n t o  a 
c i r c u l a r  Mars o r b i t .  The probe and a s s o c i a t e d  equipment are c a r r i e d  i n t o  o r b i t .  
The p r o p e l l a n t s  f o r  c a p t u r e  are g iven  by equat ion  A-16, wi th  t h e  except ions  
noted above. 
The probe is  r e l e a s e d  from c i r c u l a r  o r b i t  f o r  e n t r y  and landing .  The 
rendezvous p r o p e l l a n t s  weight  i s  computed by 
P r  = ('gc 'prob -W padp -W psc ) (l-e-Avr'glspr) ( l b )  (A-27) 
- 
The s p a c e c r a f t  weight f o r  i n i t i a t i o n  of t h e  Mars escape  maneuver i s  
w =  -W -w -w + wsc -w O b )  (A-28) 
m e  'gc -'prob padp psc p r  -'lo j e  
Equations A-10 through A-14 are a l s o  employed t o  opt imize powerplant 
j e t t i s o n  weight p r i o r  t o  Mars cap tu re  i n  t h e  case where t h e  chemical Mars 
escape op t ion  is  used. 
o s  
The a lgor i thm f o r  SEP s p i r a l  Mars escape used i n  t h e  program is  t h a t  
der ived  by Melbourne ( r e f .  7 ) .  The equat ions  are ou t l ined  below. 
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The power i n  Mars o r b i t  is  g iven  by 
P = PIAU (.55) mo 
where 0.55 r e f l e c t s  t h e  r educ t ion  i n  s o l a r  a r r a y  power due t o  t h e  inc reased  
d i s t a n c e  from t h e  sun. 
The i n i t i a l  o r b i t e r l b u s  v e h i c l e  weight t o  begin  s p i r a l  escape is  g iven  
by t h e  r e l a t i o n s h i p  
w = w  - w  mo m e  j 
where t h e  empty Mars braking  and o r b i t  rendezvous s t a g e  weight W; is  computed 
1-m, 
where m i s  t h e  s t a g e  p r o p e l l a n t  mass f r a c t i o n ,  
j 




T =  1 7 2 . 8  (n)Pmo 
where r = Melbourne's c o r r e c t i o n  f a c t o r .  
The parameter r i s  g iven  by t h e  empir ica l  equat ion  
.24323 r = 1 - .76382(A) 
where A i s  
where a = m 
r =  






t h e  nondimensional t h r u s t  a c c e l e r a t i o n  determined by the  expres s ion  
3 
(A-33) 
t h r u s t  a c c e l e r a t i o n  of t h e  s p a c e c r a f t  i n  Mars orbi t ;  (g) 
r a d i u s  of Mars o r b i t  (km) 









The parameter r, i n  equat ion  A-31 i s  g iven  by 
-V /c ~ = l - e  c 
where V i s  t h e  c i r c u l a r  o r b i t  v e l o c i t y  g iven  by 
C 
1 i 2  vc = (GM /r  
P P O  
and c is  t h e  SEP j e t  exhaust  speed i n  kmlsec. 
(A-34) 
(km/ s e c)  (A-35) 
The SEP p r o p e l l a n t  f r a c t i o n  for escape  is  expressed as fo l lows:  
(A-36) 
where ;I i s  t h e  t r a j e c t o r y  c h a r a c t e r i s t i c  equ iva len t  t o  t h e  i n t e g r a l  of t h e  
a c c e l e r a t i o n  squared over  t h e  t i m e  of sp i r a l -ou t .  The express ion  f o r  J 
i s  
(A-37) 3 2  (m /sec 1 
where a l l  v a r i a b l e s  have been def ined .  F i n a l l y ,  t h e  SEP prope l l an t  weight f o r  
sp i r a l -ou t  escape  is  simply 
w =  W pso ?'pf mo 
P RF TATIONS, SPIRAL ESCAP 
When t h e  SEP sp i r a l -ou t  Mars escape o p t i o n  i s  employed, s o l a r  pane ls  and 
i o n  t h r u s t e r s  ( inc lud ing  a s s o c i a t e d  power cond i t ion ing  equipment) are j e t t i s o n e d  
p r i o r  t o  t h e  h e l i o c e n t r i c  inbound l e g  of t h e  mission.  These weights  are def ined  
by equat ions  A-12 and A-13. The n e t  Mars depa r tu re  weight i s  g iven  by 
- ( l b )  (A-39) s a j m  ' i t j m  = w  - w  - w  'mdn mo pso 
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The inbound SEP p r o p e l l a n t  weight i s  computed by 
W = K  W ( Ib )  (A-40) p i  p i  mdn 
where K i s  t h e  inpu t  SEP p r o p e l l a n t  f r a c t i o n  found from low t h r u s t  t r a j e c t o r y  
a n a l y s i s .  
P i  
The inbound a t t i t u d e  c o n t r o l  expendables are approximated by 
- W i l b )  (A-41) 
'iac Kiac mdn 
where K i s  a n  inpu t  a t t i t u d e  c o n t r o l  expendables f r a c t i o n .  iac 
A. 1 2. 
The g ross  e a r t h  a r r i v a l  weight then  becomes 
- w  - ( Ib )  (A-4 2 ) 
'gea = 'mdn p i  'iac 
CHEMICAL MARS ESCAPE OPTION 
I n  t h i s  o p t i o n  t h e  g ross  Mars d e p a r t u r e  weight i s  given by 
-AVmf'g 'spmd W = W  e 
mdg m e  
where AVmd and I 
impulse f o r  Mars depa r tu re .  
are  r e s p e c t i v e l y  t h e  AV increment and chemical s p e c i f i c  spmd 
The p r o p e l l a n t s  weight  f o r  t h e  depa r tu re  maneuver i s  given by 
W = W (1 - e -AVmd/g 'spmd) ( Ib )  (A-44) 
pmd m e  
The j e t t i s o n  weight of t h e  capture/rendezvous/departure s t a g e  is 
1 - m  
2 "pmd + 'pc + 'pr) m w. = 
j J 
M 
( l b )  (A-45) 
Here t h e  assumption i s  made t h a t  on ly  a s i n g l e  propuls ion  module i s  used 
f o r  t h e  Mars c a p t u r e ,  o r b i t  rendezvous,  and d e p a r t u r e  manuevers. Computation 
of W t h e  spen t  s t a g e  weight ,  i s  i d e n t i c a l  f o r  a l l  miss ion  op t ions  except  f o r  
j '  
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t h e  e l l i p t i c a l  c a p t u r e  mode. For t h i s  o p t i o n ,  c i r c u l a r i z a t i o n  p r o p e l l a n t s  and 
e l l i p t i c a l  c a p t u r e  p r o p e l l a n t s  are computed s e p a r a t e l y  and are used as fol lows:  





f W  + w  
p r  pcm 
where W = p r o p e l l a n t s  f o r  
W = p r o p e l l a n t s  f o r  
Pcm 
PC C 
e l l i p t i c a l  c a p t u r e  maneuver ( l b )  
o r b i t  c i r c u l a r i z a t i o n  ( l b )  
F i n a l l y ,  t h e  n e t  Mars d e p a r t u r e  weight i s  given by 
= w  - w  'mdn mdg j 
. I  
c ,  The SEP p r o p e l l a n t s  and a t t i t u d e  c o n t r o l  expendables f o r  t h e  inbound 
t r a j e c t o r y  are computed by equa t ions  A-40 and A-41 r e s p e c t i v e l y ,  
a r r i v a l  weight is computed by equa t ion  A-42. 
Gross e a r t h  
A.13 EARTH CAPTURE OPTION 
P r i o r  t o  Earth c a p t u r e ,  K percen t  of t h e  remaining s o l a r  a r r a y s  are 
j 
j e t t i s o n e d .  Th i s  j e t t i s o n e d  weight i s  computed by 
- (A-48) 'sea - Olsa Kj '1AU2 
is t h e  remain- 1AU2 where K.  is  t h e  f r a c t i o n  o f  t h e  s o l a r  a r r a y s  j e t t i s o n e d  and P 
i n g  power a t  e a r t h  arrival. 
J 
This  power is  computed by 
(A-49) 
2 where C = .001356 and go = 32.174 f t / s e c  
The SEP p r o p e l l a n t  tankage and feed system weight i s  given by 
. .  ,. . 
= KT (Wpo 4- W + W ) ( l b )  (A-50) 
'sep t P i  PSO 
where K is  an  i n p u t  f a c t o r  f o r  mercury p r o p e l l a n t  (Taken t o  be .03). T 
The g r o s s  e a r t h  c a p t u r e  weight; i s  
( l b )  (A-51) 
A-17 
TR-8 4 2 
HUNTSVILLE 
where AV is t h e  v e l o c i t y  decrement (m/sec> requi red  Cor e a r t h  cap tu re  and 
1 
ec 
i s  t h e  s p e c i f i c  impulse of t h e  chemical e a r t h  c a p t u r e  module. spec 
The chemical p r o p e l l a n t s  weight  r equ i r ed  f o r  cap tu re  is  
w =  ('gea - W  jea  ) ( 1 - e  -AVec/g 'spc) ( l b )  
Pec 
The n e t  Ear th  cap tu re  weight i s  g iven  by 
(1 - m 
m Pec 
w = w  - fec  ) W nec gec 
f e c  
( A - 5 2 )  
( Ib )  ( A - 5 3 )  
where m i s  t h e  p r o p e l l a n t  mass f r a c t i o n  o f  t h e  chemical propuls ion  module. f e c  
The n e t  e a r t h  cap tu re  weight  c o n s i s t s  of t h e  o r b i t e r l b u s  s p a c e c r a f t  
systems inc lud ing  telecommunications,  d a t a ,  gu idance /naviga t ion ,  a t t i t u d e  
c o n t r o l ,  s t r u c t u r e ,  etc.  This  weight  a l s o  inc ludes  t h e  sample c a n i s t e r  pay- 
load  p l u s  t h e  remaining p o r t i o n  of t h e  SEP hardware which i s  def ined  by 
W = w  - a  s p  Kj + 'sept - w  s a j m  - w  i t j m  ( l b )  ( A - 5 4 )  
sePc PP 
The computed n e t  s p a c e c r a f t  weight  i n  e a r t h  o r b i t  is  then  given by 
w = w  - w  - w  ( Ib )  n s s  nec sepc s c  (A-55)  
The r equ i r ed  s p a c e c r a f t  weight  i n  e a r t h  o r b i t  i s  given by 
- ( Ib )  ( A - 5 6 )  n s sc  'fnss + Knss (Wsam) W 
where W is  a s p e c i f i e d  i n p u t  f i x e d  systems weight r e q u i r e d  t o  be  r e t u r n e d  f n s s  
t o  e a r t h  o r b i t .  K 
r e t u r n  weight based on p o i n t  des ign  a n a l y s i s .  
i s  a cons t an t  r e q u i r i n g  Wnssc t o  b e  a f u n c t i o n  of sample n s  s 
The computer program computes a AW where 





An i t e r a t i o n  is made on t h e  g r o s s  e a r t h  d e p a r t u r e  weight (W_) u n t i l  t h e  AW i s  
less than a s p e c i f i e d  t o l e r a n c e .  
ECT EARTM REENTRY OPTION 
I n  the  d i r e c t  r e e n t r y  op t ion  
5 
t h e  r e e n t r y  capsu le  weight i s  computed as 
a n  f u n c t i o n  of sample weight by t h e  r e l a t i o n s h i p  
W - 'rc - 'ref - Krc Sam 
where W 
c o e f f i c i e n t  which relates r e e n t r y  capsu le  weight t o  t h e  sample weight (and s i z e ) .  
is  a f ixed  weight found from p o i n t  des ign  a n a l y s i s ,  Krc i s  a r cf 
The n e t  o r b i t e r / b u s  module weight a t  e a r t h  a r r i v a l  i s  then 
= w  - w r c - w  'nss gea sepc ( l b )  (A-59) 
I n  t h i s  op t ion ,  t h e  AW i s  a g a i n  cgmputed by equa t ion  A-57 and an i t e r a t i o n  
i s  performed on g ross  e a r t h  d e p a r t u r e  weight (W ) u n t i l  AW i s  less than  a speci-  
f i e d  t o l e r a n c e .  
g 
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